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For many patients with Parkinson's disease 
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plasma levodopa levels 
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one dose of SINEMET CR, 
and were compared with 





BAM 9AM 10AM 11AM NOON 1PM 


Dose given 
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The causes of motor fluctuations are not completely 
understood; in some patients they may be 
attenuated by treatment regimens that produce 
steady plasma levels of levodopa. 


levels over the same 
period after two doses of 
SINEMET 25-100. 
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Reduced dosing frequency” 


In aseparate multicenter, double-blind trial of 
202 patients with advanced Parkinson’s disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





*Patients should be advised that sometimes the onset of effect of the first morn- 
ing dose of SINEMET CR may be delayed for up to 1 hour compared with the 
response usually obtained from the first morning dose of SINEMET. The physi- 
cian should be notified if such delayed responses pose a problem in treatment. 


Before prescribing SINEMET CR, please see a Brief Summary of Prescrib- 
ing Information on the following pages. 


® SINEMET is a registered trademark of Merck & Co., Inc., Rahway, NJ, USA 
©1991 DuPont Pharmaceuticals Printed in USA CR-31092 8/91 


SINEMET CR is indicated in the treatment of the symptoms of idiopai] 

Parkinson's disease (paralysis agitans), postencephalitic parkinsonis 

and symptomatic parkinsonism which may follow injury to the nervous 

system by carbon monoxide intoxication and manganese intoxication. 

1. Goetz CG, Tanner CM, Shannon KM, et al: Controlled-release carbidopa/levod: 
(CR4-Sinemet) in Parkinson's disease patients with and without motor fluctuatic 
Neurology. 1988;38:1143-1146. 

2. Hutton JT, Morris JL, Bush DF, et al: Multicenter controlled study of Sinemet CR 
Sinemet (25/100) in advanced Parkinson's disease. Neurology. 1989;39 (supp! 2 
67-72 
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I Significantly greater benefits as rated by patients 
i 
previously treated with SINEMET® (Carbidopa-Levodopa)*2 


Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
_ SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
\ did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
‘global ratings of improvement as assessed by both 
Patient and physician were better during therapy 
‘with SINEMET CR than with SINEMET. 
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<>” For many patients 


= Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuations 
as rated by physicians** 2 


= In controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while on 
SINEMET were randomized to therapy with either 
SINEMET or SINEMET CR: Adverse experiénce 
profile of SINEMET CR did not differ substantially 
from that of SINEMET. 
Pty 
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| tin clinical trials of patients with moderate to severe motor fluctuations, global 
|. ratings of improvement as assessed by both ipanen and physician were better 
` during therapy with SINEMET CR than with SINEMET. 
Ratings based on patients’ subjective assessment of global improvement 
n clinical fluctuations. 


f- patients are receiving levodopa without a decarboxylase inhibitor, 
vodopa must be discontinued at least eight hours before SINEMET CR 
s started. It is necessary to individualize therapy. SINEMET CR should 


be substituted at a dosage that will provide approximately 25% of the 
previous levodopa dosage. Nonselective MAO inhibitors are contraindi- 
cated for use with SINEMET CR. These inhibitors must be discontinued 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer's recommended dose of an MAO inhibitor with selectivity for 
MAO type B, (e.g., selegiline HCI). SINEMET CR is contraindicated in 
patients with known hypersensitivity to any component of this drug and 
in patients with narrow-angle glaucoma. Because levodopa may activate 
a malignant melanoma, SINEMET CR should not be used in patients 
with suspicious, undiagnosed skin lesions or a history of melanoma. 





(CARBIDOPA-LEVODOPA) 
SUSTAINED-RELEASE 





SINEMET” CR (CARBIDOPA-LEVODOPA) 


SUSTAINED-RELEASE TABLETS 


CONTRAINDICATIONS 

Nonselective MAO inhibitors are contraindicated for use with 
SINEMET CR. These inhibitors must be discontinued at least two weeks 
prior to initiating therapy with SINEMET CR. SINEMET CR may be 
administered concomitantly with the manufacturer's recommended dose 
ofan MAO inhibitor with selectivity for MAO type B (eg., selegiline HC!) 

SINEMET CRis contraindicated in patients with known hypersensitiv- 
ity to any component of this drug and in patients with narrow-angle 
glaucoma. 

Because levodopa may activate a malignant melanoma, SINEMET CR 
should not be used in patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. 

WARNINGS 

When patients are receiving levodopa without a decarboxylase inhibitor, 
levodopa must be discontinued at least eight hours before SINEMET CR 
isstarted. In ordertoreduce adverse reactions, itisnecessary to individu- 
alize therapy SINEMET CR should be substituted ata dosage that will provide 
approxi percent of the previous levodopa dosage (see DOSAGE 
AND ADMINISTRATION). 


Carbidopa does not decrease adverse reactions due to centra effects of 
levodopa. By permitting more levodopa to reach the brain, particulartywhen 
nausea and vomiting is nota dose-limiting factor certain adverse CNS effects, 
eg., djSkinesias, will occur at lower dosages and sooner during therapy 
with SINEMET CR (Carbidopa-Levodopa, Sustained-Release) than with 
levodopa alone. 

Aswith levodopa, SINEMET CR may cause involuntary movements and 
mental disturbances. These reactions are thoughtto be due to increased 
brain dopamine following administration of levodopa. All patients should 
be observed carefully for the development of depression with concomi- 
tant suicidal tendencies, Patients with past or current psychoses should 
be treated with caution. The occurrence of dyskinesias may require dosage 


reduction. 

Patients SINEMET CR may develop increased dyskinesia com- 
pared to SINEMET (Carbidopa-Levodopa). 

SINEMET CR shouldbe administered cautiously to patients with severe 
cardiovascular or pulmonary disease, bronchial asthma, renal, hepatic 
or endocrine disease. 

As with levodopa, care should be exercised in administering 
SINEMET CR to patients with a history of myocardial infarction who have 
residual atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during the period of intial 
dosage adjustment, ina facility with provisions for intensive cardiac care. 

As with levodopa, treatment with SINEMET CR may increase the pos- 
sibility of upper gastrointestinal hemorrhage in patients with a history of 

ulcer. 


Asymptom complex resembling the neuroleptic malignant syndrome 
including muscular rigidity, elevated body temperature, mental chi 
and increased serum creatine phosphokinase has been reported when 
antiparkinsonian agents were withdrawn abruptly. Therefore, patients should 
be observed carefully when the dosage of SINEMET CR is reduced abruptly 
or discontinued, especially if the patient is receiving neuroleptics. 
PRECAUTIONS 


General As with levodopa, periodic evaluations of hepatic, hematopoietic, 
cardiovascular, and renal function are recommended during extended 
therapy. 
Patients with chronic wide angle glaucoma may be treated cautiously 
with SINEMET CR provided the intraocular, pressure is well controlled and 
ut ane a ite 
rapy. 
Information for Patients The patient should be informed that 
SINEMET CR is a sustained-release formulation of carbidopa-levodopa 
which releases these ingredients over a4 to 6 hour period. Itis important 
that SINEMET CR be taken at regular intervals according to the schedule 
Outlined by the physician. The patient should be cautioned not to change 
the prescribed dosage regimen and notto add any additional antiparkin- 
son medications, including other carbidope-evodopa preparations, without 
first consulting the physician. 


a Dosage with SINEMET CR 
should be substituted 
atan amountthat provides 
approximately 10% more 
levodopa per day. 

This may be increased to 
adosage that provides up 
to 30% more levodopa 
per day depending on 
clinical response. (See 
DOSAGE AND ADMINISTRATION, 
Titration. )* 


a Interval between doses of 
SINEMET CR should 
be 4-8 hours during the 
waking day. 


= Doses and dosing inter- 
vals may be increased 
or decreased depending 
upon therapeutic 
response. 


If abnormal involuntary movements appear or get worse during treat- 
ment with SINEMET CR, the physician should be notified, as dosage 
adjustment may be necessary. 

ents should be advised that sometimes the onset of effect of the first 
morning dose of SINEMET CR may be delayed for upto 1 hour fe ots 
with the response usually obtained from the first moming dose of SINEMET 
(Carbidopa-Levodopa). The physician should be notified if such delayed 
responses pose a problem in treatment. 

Patients must be advised that the whole or half tablet should be swal- 
lowed without chewing or crushing. 

NOTE: The suggested advice to patients being treated with SINEMET CR 
isintended to aid in the safe and effective use of this medication. Itis not 
a disclosure of all possible adverse or intended effects. 

Laboratory Tests Abnormalities in laboratory tests may include eleva- 
tions of liver function tests such as alkaline phosphatase, SGOT (AST), SGPT 
(ALI), lactic dehydrogenase, and bilirubin. Abnormalities in blood urea 
nitrogen and positive Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid are lower during 
administration of carbidopa-levodopa preparations than with levodopa. 

Carbidopa-levodopa preparations may cause a false-positive reaction 
for urinary ketone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the urine specimen 
False-negative tests may result with the use of glucose-oxidase methods 
of testing for glucosuria 
Drug Interactions Caution should be exercised when the following drugs 
are administered concomitantly with SINEMET CR (Carbidopa-Levodopa, 
Sustained-Release) 

Symptomatic postural hypotension has occurred when carbidopa- 
levodopa preparations were added to the treatment of patients ed 
some anti drugs. Therefore, when therapy with SINEMET Cl 
is started, dosage adjustment of the antihypertensive drug may be required 
For patients receiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS 

There have been rare reports of adverse reactions, including hyperten- 
sion and dyskinesia, resulting from the concomitant use of tricyclic 
antidepressants and carbidopa-levodopa preparations. 

Phenothiazines reduce the effects 


t and butyrophenones may therapeutic 

of levodopa. in addition, the beneficial effects of levodopa in Parkinson's 
disease have been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET CR should be carefully observed 
for loss of therapeutic response. 
Carcinogenesis, Mutagenesis, Impairment of Fertility in atwo-year 
bioassay of SINEMET (Carbidopa-Levodopa), no evidence of carcinoge- 
nicity was found in rats receiving doses of approximately two times the 
maximum daily human dose of carbidopa and four times the maximum 
daily human dose of levodopa (equivalent to 8 SINEMET CR tablets) 

in studies with SINEMET (Carbidope-Levodopa), no effects 
on fertility were found in rats receiving doses of approximately two times 
the maximum daily human dose of carbidopa and four times the maxi- 
= o human dose of levodopa (equivalent to 8 SINEMET CR 

lets) 

Pregnancy Pregnancy Category C. No teratogenic effects were observed 
ina study inmice receiving up to 20 times the maximum recommended 
human dose of SINEMET (Carbidopa-Levodopa). There was a decrease 
inthe number of live pups delivered by rats receiving approximately two 
times the maximum recommended human dose of carbidopa and approx- 
imately five times the maximum recommended human dose of levodopa 
during organogenesis. SINEMET (Carbidopa-Levodopa) caused both 
visceral and skeletal malformations in rabbits at all doses and ratios of 
carbidopallevodopa tested, which ranged from 10 times/S times the max 
imum recommended human dose of carbidopa/levodopa to 20 times/10 
times the maximum recommended human dose of carbidopallevodopa. 

There are no adequate or well-controlled studies in pregnant women. 
Use of SINEMET CR in women of childbearing potential requires that the 
anticipated benefits of the drug be weighed against possible hazards to 
mother and child 
Nursing Mothers itis not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk, caution shouid 
be exercised when SINEMET CR is administered to a nursing mother. 


Pediatric Use Safety and effectiveness in infants and children have not 





Guidelines for Initial Conversion from SINEMET” to SINEMET CR | 


(Carbidopa-Levodopa) 


A total of 4 tabs in 3 or more divided doses 


(e.g, 12 tab a.m., 1V2 tab early p.m., and 1 tab later p.m.) 


A total of 5 tabs in 3 or more divided doses 
(e.g., 2tabs a.m., 2 tabs early p.m., and 1 tab later p.m.) 





The above is only provided as an example of conversion. Dosage must be indivic 
alized and will vary from patient to patient. This example chart reflects dosing of 


SINEMET CR to provide an increase of 
*The bioavailability of levodopa from SI 
approximately 70%-75%. 


ere, 10% more levodopa. 


MET CR relative to SINEMET is 


+For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, 
Initial Dosage—Patients currently treated with conventional carbidopa-levodop. 
preparations of enclosed Brief Summary of Prescribing Information. 


been establishec, and use of the drug in patients below the age of 18 is 
not recommended. 

ADVERSE REACTIONS 

In controlled clinica’ trials, patients predominantly with moderate to severe 
motor fluctuations, while on SINEMET (Carbidopa-Levodopa) were ran- 
domized to therapy with either SINEMET (Carbidope-Levodopa) or 
SINEMET CR beer stair ery profile of SINEMET CR 
didnot differ substantially from that of SINEMET (Carbidopa-Levodopa), 
as shown in Table 1 





a 1. Clinical Adverse Experiences Occurring in 1% or Greater of 
jents 
SINEMET CR SINEMET 
(Carbidopa-Levodopa) 
n=491 n=524 
Adverse Experience % % 
Dyskinesia 165 122 
Nausea 55 57 
Hallucinations 39 32 
Confusion 37 23 
Dizziness 29 23 
Depression 22 13 
Urinary Tract infection 22 23 
Headache 20 19 
Dream Adnormalities 18 08 
Dystonia 18 08 
Vomiting 18 19 
Upper Respiratory infection 18 10 
Dyspnea 16 04 
‘On-Off Phenomena 1.6 11 
Back Pain 16 06 
Dry Mouth 14 11 
Anorexia 12 11 
Diarrhea 12 06 
Insomnia 12 10 
Orthestatic Hypotension 10 11 
Shoulder Pain 10 06 
Chest Pain 1.0 08 
Muscle Cramps 08 1.0 
Paresthesia 08 11 
Urinary Frequency 08 11 
06 11 
Constipation 02 15 
Abnomal laboratory findings occurring at a freq of 1% or greater 


in approximately 443 patients who received SINEMET CR and 475 who 
received SINEMET (Carbidopa-Levodopa) during controlled clinical trials 
included: decreased hemoglobin and hematocrit; elevated serum glucose; 
while blood cells, bacteria and blood in the urine. 

The adverse experiences observed in patients in uncontrolled studies were 
similar to those seen in controlled clinical studies. 

Other adverse experiences reported overall in clinical trials in 748 patients 
treated with SINEMET CR, listed by body system in order of decreasing 


prea include: 
Nervous System/Psychiatrc: Chases sees fay sy dsa 
disorientation, decreased mental acuity, gait abnormalities, extrapyram- 


idal disorder, agitation, nervousness, sleep disorders, memory impairment. 
Bodyasa Whole: Asthenia, fatigue, abdominal pain, orthostatic effects. 
Digestive: Gastrointestinal pain, dysphagia, heartburn. 

— ; Palpitation, essential hypertension, hypotension, myocardial 
imiarction. 

Special Senses: Blurred vision. 

Metabolic: Weight loss. 

Skin: Rash. 


Respiratory: Cough, pharyngeal pain, common cold. 

Urogenital: Urinary incontinence. 

Musculoskeletal: Leg pain. 

Laboratory Tests: Decreased white blood cell count and serum potassium; 
increased BUN, serum creatinine and serum LDH; protein and glucose 
in the urine. 

Other adverse experiences have been reported with various carbidopa 
levodopa formulations and may occur with SINEMET CR 


Nervous System/Psychiatnic: Mental changes including paranoid ideal 
psychotic episodes, depression with suicidal tendencies and dementic} 
convulsions (however, a causal relationship has not been established), 


bradykinetic episodes. 

Gastrointestinal: Gastrointestinal bleeding, development of duodenal ulcer. 
Cardiovascular: Cardiac irregularities, phlebitis. 

Hematologic: Hemolytic and nonhemolytic anemia, thrombocytopenia, 
leukopenia, agranulocytosis. 

Laboratory Tests: Abnormalities in alkaline SGOT (AST), SGPT 


phosphatase, 

(ALT), lactic dehydrogenase, bilirubin, protein-bound iodine, Coombs test. 
Other adverse reactions that have been reported with levodopa are: 

Nervous System: Numbness, increased hand tremor, muscle twitching, 
blepharospasm (which may be taken as an early sign of excess dosage 
consideration of dosage reduction may be made at this time), trismuus, act’ 
vation of latent Horner's syndrome. 
Psychiatric: Delusions, euphoria. 













sensation of tongue. 
Metabolic: Weight 


Genitourinary: Urinary retention, urinary incontinence, dark urine, priap 
Miscellaneous: Faintness, hoarseness, malaise, hot fi i 
lation, bizarre breathing patterns, neuroleptic malignant syndrome. 
OVERDOSAGE 


employed, alongwithimmed 
gastric lavage. Intravenous fluids should be administered judiciously - 
an adeguate airway maintained. Electrocardiographic monitoring shc 
be instituted and the patient carefully observed for the developmen! 
arrhythmias; required, appropriate antiarrhythmic therapy should be g 
The possibility that the patient may have taken other drugs as we 
SINEMET CR should be taken into consideration. To date, no experi 
reported with dialysis; hence, its value in isnotkn 
Based on studies in which high doses of levodopa and/or carbic 
were administered, a significant proportion of rats and mice given si 
oral doses of levodopa of approximately 1500-2000 mg/kg are exper 
todie. A significant proportion of infant rats of both sexes are expect? 
die at a dose of 800 mg/kg. A significant proportion of rats are expe 
todieaftertreatmentwith similar doses of carbidopa. The additiono . 
bidopa ina 1:10 ratio with levodopa increases the dose at which a sigr 
cant proportion of mice are expected to die to 3360 mg/kg, 
DOSAGE AND ADMINISTRATION 
SINEMET CR tablets contain carbidopa (50 m9) and levodopa (200 ı 
ina 1:4 ratio. The daily dosage of SINEMET CR must be determined 
caretul titration. Patients should be monitored closely during the dose adj 
ment period, particularly with regard to appearance or worsening of invo} 
tary movements, dyskinesias or nausea. SINEMET CR may be edministe 
as whole or as ias which should not be chewed or crushed 


HOW SUPPLI 
SINEMET CR 50-200 (Carbidopa-Levodopa) SUSTAINED-RELE 
TABLETS containing 50) 


as follows: 
NDC 0056-0521-68 bottles of 100 
NDC 0056-0521-28 unit dose packages of 100. 
Storage Avoid temperatures above 30°C (86°F). Store in atightly clos: 


container. 
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MR contrast “Gadolinium.” It’s come to be a synonym for MR contrast. 
media But without protective chelation, gadolinium would be, 

in effect, useless. Binding molecules—called ligands—permit 

otherwise toxic metals like gadolinium to be safely 

administered to patients. 

















The gadolinium chelate complex allows the favorable 
paramagnetic properties of the Gd* ion to be exploited 
for MR contrast enhancement. But since gadolinium 
alone is toxic, the choice of a ligand with high affinity for 
this metal is crucial. And if the chelate complex is 

also nonionic, its diagnostic utility can potentially 

be expanded. 


© 1991 Sanofi Winthrop Pharmaceuticals 63-MA154-1-R 





L Photomicrograph of gadolinium in | 
~ Solution (original magnifi ; x40) 





UT THE RIGHT LIGAND 


Moving beyond the experience gained with ionic 
gadolinium chelates, our research effort is aimed at 
developing new, nonionic Gd-ligand complexes with 
greater in vivo stability. This research effort is 
committed to extending our tradition of leadership 
in nonionic contrast media into MR. 
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Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 
Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic tor trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenz(b. f]azepine-5-carboxamide. and its struc- 
tural formula is 


N 
CONH% 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcoho! and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide. FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin, 
glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, 
Stearic acid, and sucrose (chewable tablets only). 


CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically inducec seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution, thus avoiding undesirably high peak concentrations. Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma levels of Tegretol are variable and may 
range from 0.5-25 pg/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF/serum ratio 1s 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism. the half-life 
is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours on 
repeated doses. Tegretol is metabolized in the liver. After oral administration of 14C-carba- 
mazepine, 72% cf the administered radioactivity was found in the urine and 28% in the 
feces. This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites. with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs. 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types. 
2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

‘Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General). 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia. 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 


CONTRAINDICATIONS 

Tegreto! should not be used in patients with a history of previous bone marrow depression. 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine. protriptyline, nortriptyline. etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended. 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days, or longer if the clinical situation permits 


WARNINGS: 
Patients with z history of adverse hematologic reaction to any drug may be particularly at 
nisk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity; therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and, in elderly patients, of contusion or agitation should be 
borne in mind. 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased trequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac. hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever, sore throat, ulcers in the 
mouth, easy bruising, petechial or purpunic hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear. 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 


tasks, 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 


reticulocytes and serum iron, should be obtained as a baseline. If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and penodic evaluations of liver function, particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur. The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of biood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants. This monitonng may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition 
measurement of drug serum levels may aid in determining the cause ot toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use, either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin. or 
primidone. or a combination of two. produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol biood levels is not clearly establisned 
although an increase in the ratio of active 10, 11-epoxide metabolite to parent compound is 
a consistent finding 

The half-lives of phenytoin. warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperido! and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
‘of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene. 
isoniazid, fluoxetine or calcium channel blockers has been reported to result in elevated 
plasma levels of carbamazepine resulting in toxicity in some cases. Also. concomitant 
administration of carbamazepine and lithium may increase the risk of neurotoxic side 
effects 

Alterations of thyroid function have been reported in combination therapy witn other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when adminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25, 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes ot males. 

Carbamazepine must. theretore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results. The significance of these findings relative to the use of carbamazepine in 
humans is. at present, unknown. 

Category C: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg. In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 1; talipes, 1 
anophthalmos, 2). In reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine Curing 
pregnancy and congenital malformations, including spina bifida, Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Only TEGRETOL. 
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Retrospective case reviews suggest that compared with monotherapy, there may be 2 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy. Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong aossibil- 
ity of precipitating status epilepticus with attendant hypoxia and threat to life. in individual 
cases where the severity and frequency of the seizure disorder are such that removal of 
medication does:not pose a serious threat to the patient, discontinuation of the crug may 
be considered pnor to and during pregnancy, although it cannot be said with any confi- 
dence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown. 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from car- 
bamazepine, a decision should be made whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 


ADVERSE REACTIONS m 
If adverse reactions are ot such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in 2 responsive 
epileptic patient may lead to seizures or even status epilepticus with its lite-tnreatening 
hazards. 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions, particularly during the initial phases of 
therapy, are dizziness, drowsiness. unsteadiness. nausea, and vomiting. To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leukocytosis, eosinophilia, acute mtermittent 
porphyria 
Skin: Pruritic and erythematous rashes. urticaria, toxic epidermal necrolysis (Lyell's 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosen- 
sitivity reactions. alterations in skin pigmentation. exfoliative dermatitis, erythema multi- 
torme and nodosum, purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis. In certain cases. discontinuation of therapy may be necessary. 
Isolated cases of hirsutism have been reported, but a causal relationship 's not clear. 
Cardiovascular System: Congestive heart failure. edema, aggravation of hypertension, 
hypotension, syncope and collapse aggravation of coronary artery disease, arrhythmias: 
and AV block, primary thrombophiebitis, recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalites Myocardial 
infarction has been associated with other tricyclic compounds 
Liver- Abnormalities in liver function tests, cholestatic and hepatocellular jaundice. 
hepatitis 
Respiratory System: Pulmonary hypersensitivity characterized by fever. dyspnea. pneu- 
monitis or pneumonia. 
Genitourinary System: Urinary trequency, acute urinary retention, oliguria with elevated 
blood pressure, azotemia, renal failure, and impotence Albuminuria. glycosuna, elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicularatrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. In dogs, it produced a brownish discoloration, presum- 
ably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg and higher. 
Relevance of these findings to humans is unknown 
Nervous System: Dizziness, drowsiness, disturbances of coordination, contusion, head- 
ache, fatigue, blurred vision. visual hallucinations, transient diplopia, oculomotor distur- 
bances, nystagmus. speech disturbances, abnormal involuntary movements, peripheral 
neuritis and paresthesias, depression with agitation, talkativeness. tinnitus. and 
hyperacusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 


insufficiency, but the exact relationship of these reactions to the drug has not been 
established. 

Digestive System. Nausea, vomiting, gastric distress and abdominal pain, diarrhea 

constipation, anorexia, and dryness of the mouth and pharynx, including glossitis and 
stomatitis 

Eyes: Scattered, punctate, cortical lens opacities. as well as conjunctivitis have been 
reported. Although a direct causal relationship has not been established, many phe- 
nothiazines and related drugs have been shown to cause eye changes 

Musculoskeletal System: Aching joints anc muscles, and leg cramps 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported. Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests), 

Other: Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and peripheral eosinophilia 
has been reported in a patient taking carbamazepine in combination with other medica- 
tions. The patient was successtully dechallenged. and the meningitis reappeared upon 
rechallenge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
‘Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man) Highest known doses 
survived: adults, 30 g (31-year-old woman); children. 10 g (6-year-old boy), small 
children, 5 g (3-year-old girl). 

Oral LD 50 in animals (mg/kg): mice. 1100-3750: rats, 3850-4025; rabbits. 1500-2680; 
guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the 
most prominent. Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) nave been ingested 
Respiration: Irregular breathing, respiratory depression 
Cardiovascular System- Tachycardia, hypotension or hypertension. shock, conduction 
disorders 
Nervous System and Muscles: Impairment of consciousness ranging in seventy to deep 
coma. Convulsions, especially in small children. Motor restlessness. muscular twitching. 
tremor, athetoid movements, opisthotonos, ataxia, drowsiness. dizziness, mydriasis, 
nystagmus, adiadochokinesia. ballism, psychomotor disturbances, dysmetria Initial 
hyperreflexia, followed by hyporeflexia 
Gastrointestinal Tract: Nausea. vomiting. 
Kidneys and Bladder: Anuria or oliguria, urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count, glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning: When alcohol, tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded. There is no specific antidote 
Elimination of the Drug: induction of vomiting 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irngated, especially if me patient has aiso 
consumed alcohol 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis ıs indicated only in severe poisoning associated with renal failure. Replacement 
transtusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free. resort if necessary. to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander. If 
blood pressure fails to nse despite measures taken to increase plasma volume, use ot 
vasoactive substances should be considered 
Convulsions. Diazepam or barbiturates. 
Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma. However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week). 
Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes, and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities. If evidence of significant Done marrow depres- 
sion develops, the following recommendations are suggested: (1) stop the drug, (2) 
perform daily CBC. platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and penpheral blood, (5) bone marrow culture studies for colony- 
forming units. (6) hemoglobin electrophoresis for Ag and F hemoglobin, and (7) serum 
folic acid and B42 levels 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy, for which specialized consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS, Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 

Epilepsy (see INDICATIONS AND USAGE). 

‘Adults and children over 12 years of age—tnitial: 200 mg dı d Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or g.i.d. regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age, and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 

Children 6-12 years of age—tnitial: 100 mgb i.d Increase at weekly intervals by adding 
100 mg per day using at.i.d. or q.i.d. regimen until the best response 1S obtained Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin. which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 


c). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg d i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments ot 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control ot pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as littie as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg—round, red-speckied. pink, singie-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 58887-052-32 


Tablets 200 mg—capsule-shaped. pink, single-scored (impnnted Tegretol on one side 
and 27 twice on the scored side) 


Bottles of 100 NOC 58887-027-30 

Bottles of 1000 NOC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 


(strips of 10) NDC 58887-027-32 
Samples, when available, are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP). 

Also available as- Tegreto! suspension 100 mg/S mi. in 450 mi bottles 
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Eldepryl 
(SELEGILINE HYDROCHLORIDE) 


Fits your therapeutic strategy 


“Higher doses have not been shown to increase benefit and have increased the risk of side effects. 
q Please see Dosage and Administration section of prescribing information. 
t Further reduction of levodopa/carbidopa may be possible during continued selegiline therapy. 


See next page for brief summary of prescribing information. 


Eldepryl 
(SELEGILINE HYDROCHLORIDE) 


CLINICAL | accounting for selegiline's beneficial adjunctive action in the treatment of Parkinson's disease 
are not fully understood. Inhibition of monoamine oxidase, type B, activity is generaly considered to be of primary importance; in adciton, 
increase dopaminergic activity. 


INDICATIONS AND USAGE: ELDEPRYL® is indicated as an adjunct in the of Parkinsonian 
sperma cartidnpa who evil delsroraton in equally oat responsa lo fi therapy Thare is no evidence 
controlled studies that has any beneficial effect in the absence of concurrent levodopa 
Evidence supporting was obtained in ized controlled that the effects of added selegiline 
or placebo in patients levodopa cartidopa. was Si superior to placebo on all three principal outcome measures 
employed: change from in daily dose, 


Beneficial effects were also observed on other measures of treatment success (e.g, measures of reduced 
tremor and siaohea, improved speech and dressing ability and improved overall disability as assessed by walking and comparison 


 (SELEGILINE HYDROCHLORIDE) is contraindicated for use with meperidine (DEMEROL and other trade names). This 
contraindication is often extended to other opioids (see Drug Interactions). 
‘doses exceeding those recommended (10 mg/day) because of the risks associated 
with non-selective inhibition of MAO. (See PHARMACOLOGY. 


ot 
The selectivity of selegiine for MAO B may not be absolute even at the recommended daily dose of 10 mg a and 
with i , oe cee elon tab WAS 


is further diminished with increasing daily doses. The precise dose at which selegiline becomes 

iuteen tut may bein fa ange ol Sb 10 nga dag 

Definitive clinical data on the concomitant use S LESLIE HYORICHLOAEE ini Bonis nT ae 

is ot avaiable. Death has been reported io occur folowing the maton oerapy wth ronselecive MAOTA PARNATE) shortly 

aher inuation of fluoxetine. To date, this reaction has not been reported with 8 (SELEGILINE HYDROCHLORIDE), however 

ast be machanie ol his macion i ne ty teat prudent, in general, to avoid this combination. Because of the 
hall-lives of fluoxetine and its active at least five weeks 5 half-lives) should elapse between discontinuation 

o and initiation of MAOI therapy Based on i the combined use of MAOI's and tricyclic antidepressants, at 

least 14 days should elapse between of an MAOI and intiation of treatment with fluoxetine. 


General: Some patients given selegiine may experience an exacerbation of levodopa associated side effects, presumably due to the 


increased amounts of dopamine wih super-sensitive post-synaptic receptors. These effects may often be mitigated by reducing 
the dose of levodopa/carbidopa by approximately 10 to 30%. 

Tas decision o precha salagine sho lie i conidueten Gat bo HAO seba d is complex and incompletely 
understood and there is only a sro aka need cincai meres wih seine Cra ed Sra 
of possible responses to selegiine may not have been observed in pre-marketng evaluation of drug. It is advisable, therefore, to 
observe patients closely for atypical responses. T 
Information for Patients: Patients should be advised of the possible need to reduce levodopa dosage after the initiation of ELDEPRYL® 


Tests: No laboratory tests are deemed 
DROCHL! routine evaluation of all patients, however is appropriate. 
Drug itt: The occurence ol stupo muscular iy severe aglan, and elavaid lompaire as We ed 
receiving selegiline and meperidine, as well as other medications. Symptoms resolved over when the combination 
This case is typical of the interaction of meperidine and MAOIs. Other serious reactions (i severe agitation, and 
death) have been reported in patients this combination. While è cannot be said definitively that all of these reactions were 
sere by his combralon, hey ae al compel wih his wel recognized merachon. No other inieractons arbued 1o he combined 
use of selegiline and other have been reported. However, because the database of documented clinical experience is limited, 
the level of reassurance provi ienr a angea and 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: have not been performed to date to evaluate the carcinogenic 
potential of selegiline hydrochloride. 


Pregnancy: Pregnancy Category C. Insuficient animal reproduction studies have been done wih selegiine to conclude that selegiine 
study carried out at doses as much as 180 fold the recommended human dose revealed 
N is not known whether selegiline can cause fetal harm when administered 10 a pregnant woman 
reproduction capacity Selegiline should be given to a pregnant woman only if clearly needed. 
known whether selegiine hydrochloride is excreted in human milk. Because many drugs are excreted in 
given to discontinuing the use of all but absolutely essential drug treatments in nursing women. 
effects of selegiline hydrochloride in children have not been evaluated. 
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information necessary to estimate the incidence of adverse events. Thus, overall incidence 
use of selegiine cannot be provided. Many of the adverse reactions seen have been reported as symptoms 
importance and severity of various reactions reported often cannot be ascertained. One index of relative importance, 
discontinuation. In prospective pre-marketing studies, the following events led, 
involuntary movements, agitation, arrhythmia, bradykinesia, delusions, 
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these adverse reactions led to a discontinuation of treatment. 


obtained 7 
only a limited basis for estimates of adverse reaction rales. The following reactions that occurred with greater 
fo 
of 
In all prospectively monitored cinical investigations, enrolling approximately 320 patients, the following adverse events, classiied by 
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idal: increased tremor, chorea, loss of balance, restlessness, blephorospasm, increased bradykinesia, 
feeling, lethargy malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, restlessness, weakness, transient irtabiity 


mca sabana in progsel meal) we aes Safat $ ae ae hyperactivity, 


Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burning, generalized ache, chills, 
disturbance. 


numbness of taste 
AUTONOMIC SYSTEM: Dry mouth, blurred vision, sexual 

l ic hypotension, arrhythmia, palpitations, new or increased angina pectoris, hypotension, 
tachycardia, peripheral edema, sinus bradycardia, 


GASTROINTESTINAL: Nausea/vomiing, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, heartbum, rectal bleeding, 
bruxism’, gastrointestinal bleeding (exacerbation of preexisting ulcer disease}. 


MISCELLANEOUS: Asthma, diplopia, shortness of breath, speech affected. 
POSTMARKETING The following experiences were described in 
provide sufficient information to establish a clear causal relationship with the use of 8 | 
CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
“indicates events reported only at doses greater than 10 mg/day 
Incidence of Treatment-Emergent Adverse Experiences in the Placebo-Controlied Clinica! Trial 
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Suffered severe hypotension and psychomotor agitabon. 
ince the selective inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range recommended for the treatment 


i (NARDIL 
Overdose with Inhibition: NOTE: This section is provided for relerence; it does not describe events that have 
actually been observed with selegiline in overdose. 
Charactenistically, spesi marge d oe einer poy not appear immediately. Delays of up to 12 hours between 
ingestion of drug and anane of ss may occu Impranty he peak ens ol he syndrome may not be reached for upwards 
of a day folowing the overdose. Death has been reported folowing overdosage. Therefore, immediate hospitalization, with conti 
paent observation and manor or a period ola east wo days folowing the geston of such dus n vera s stong orate 
ical pi overdose varies considerably, severity may be a function of the amount of drug consumed. The central 
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DOSAGE AND ADMINISTRATION: ELDEPRYL® (SELEGILINE HYDROCHLORIDE) is intended for administration to patients 
receiving levodopa/carbidopa who demonstrate a deteriorating response to this treatment. The recommended regimen for the 
administration of ELDEPRYL® ROPES; 10 na per dy noes 8 ee oe taken 
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‘Haw River Syndrome’ or 
Dentato-Rubro-Pallido-Luysian 
Atrophy? 


To the Editor.—Farmer et al’ report on 
five generations of a family exhibiting 
an autosomal dominant disorder charac- 
terized by the development (usually be- 
tween 15 and 30 years of age) of ataxia, 
seizures, choreiform movements, pro- 
gressive dementia, and death after 15 to 
25 years of illness. They name the disor- 
der “Haw River syndrome” because the 
first recorded member of this family 
lived at Haw River, North Carolina. 

The authors provide neuropathologic 
data on two of the 18 affected members 
who had been examined. The findings 
included marked neuronal loss of the 
dentate nucleus, microcalcification of 
the globus pallidus, neuroaxonal dys- 
trophy of the nucleus gracilis, and de- 

_ myelination of the centrum semiovale. 
P Farmer and colleagues argue that the 
lack of gross abnormalities in the palli- 
dum, the presence of neuroaxonal dys- 
trophy of the nucleus gracilis, and the 
demyelination of the centrum semiovale 
distinguish their cases from dentato-ru- 
bro-pallido-luysian atrophy. 

I would like to dispute the first two 
arguments. In all cases of dentato-ru- 
bro-pallido-luysian atrophy, the den- 
tate nucleus is constantly and severely 
involved but the pathologic changes in 
the pallidum are variable, including 
cases in which the degenerative 
changes are reported as slight.? Neu- 
roaxonal dystrophy can be a normal 
finding in certain neuroanatomic loca- 
tions, including the gracilis and cunea- 
tus nuclei, particularly the former. 

er third argument is the only com- 
pelling one for the pathologie unique- 
ness of the North Carolinian family 
mentioned by Farmer et al. The alterna- 
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tive is to enlarge the spectrum of den- 
tato-rubro-pallido-luysian atrophy to 
include subcortical white matter de- 
myelination, since demyelination of oth- 
er white matter tracts such as spinocer- 
ebellar tracts and posterior columns has 
been described in this condition.”* 

CARLOS SINGER, MD 

Movement Disorders Center 

University of Miami 

School of Medicine 

1501 NW Ninth Ave 

Miami, FL 33136 
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In Reply.—Singer correctly points out 
the similarities between dentato-rubro- 
pallido-luysian atrophy and Haw River 
syndrome. However, as pointed out in 
our comment,’ we still feel that the dif- 
ferences are adequate to merit a sepa- 
rate name. We have recently had the 
opportunity to examine two additional 
family members at autopsy. The first 
was symptomatic but was still function- 
ing in the community until death. The 
only changes in the brain were mild neu- 
ronal loss in the dentate nucleus and 
calcification of the globus pallidus. The 
brain stem and spinal cord were not ex- 
amined. Another family member was 
institutionalized and died at age 29 
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years. At autopsy, there was severe 
neuronal loss in the dentate nucleus, 
calcification of the globus pallidus, neur- 
oaxonal dystrophy in the nucleus graci- 
lis, and demyelination of the optic 
nerves. The subthalamic nucleus and 
red nucleus were histologically normal, 
although mild gliosis of the red nucleus 
was revealed by glial fibrillary acid pro- 
tein immunostaining. It is apparent 
from the foregoing discussion that this 
disease begins as neuronal loss in the 
dentate nucleus and may spread to oth- 
er systems. 

Neuroaxonal dystrophy may well be a 
normal finding in certain locations, but, 
in this setting, it is nearly always associ- 
ated with advanced age.’ It is extraordi- 
narily unusual in this age group. 

All examined family members exhib- 
ited calcification of the globus pallidus. 
However, there was no appreciable 
neuronal loss and no gliosis, even when 
examined by sensitive glial fibrillary 
acid protein immunostaining. 

In conclusion, while there are some 
minor similarities appearing between 
the disease in this family and dentato- 
rubro-pallido-luysian atrophy,’ we con- 
tinue to find it inappropriate to apply an 
eponym such as dentato-rubro-pallido- 
luysian atrophy to a syndrome that is 
unified by neuronal loss in the dentate 
nucleus, calcification without neuronal 
loss in the globus pallidus, neuroaxonal 
dystrophy, and demyelination of long 
white matter tracts. 


THOMAS W. FARMER, MD 
Department of Neurology 
School of Medicine 

University of North Carolina 
Chapel Hill, NC 27599-7025 
CHRISTINE M. HULETTE, MD 

F. STEPHEN VOGEL, MD 
Department of Pathology 

Duke University Medical Center 
Durham, NC 27710 
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Idiopathic Intracranial Hypertension 
Without Papilledema: Related to 
Sleep Apnea? 


To the Editor.—I read with interest the 
article entitled “Idiopathic Intracranial 
Hypertension Without Papilledema,” 
published in the April issue of the AR- 
CHIVES.’ I could not help but wonder, 
however, if some patients had obstruc- 
tive sleep apnea (OSA). 

First, that only three of the 10 pa- 
tients had a decreased level of protein in 
the cerebrospinal fluid tends to argue 
that the other seven patients might not 
have had pseudotumor cerebri. Second, 
eight of the 10 patients were obese, 
which is strongly associated with OSA.” 
Third, all patients had headaches on 
awakening, which is a common symp- 
tom in OSA.’ Morning nausea, although 
not common, is also reported in OSA.” 
Fourth, that four patients were hyper- 
tensive is also linked to OSA.‘ Fifth, 
apnea itself is known to cause increases 
in intracranial pressure. 

In 1989, Jennum and Borgesen’ used 
epidural pressure monitors to study six 
otherwise normal patients with OSA. 
During apneas, elevations of intracrani- 
al pressure were observed, with steep 
pressure increases at the termination of 
apneas. Pressure waves during non-ra- 
pid-eye-movement sleep met criteria 
for intracranial B waves, while pressure 
waves in rapid-eye-movement sleep 
met criteria for intracranial A waves. 
Moreover, four of the six patients were 
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also found to have pathologically elevat- 
ed intracranial pressure while awake, 
ie, 20.7 + 0.8 mm Hg in the morning 
and 17.7 + 0.5 mm Hg in the evening. 
Elevations of intracranial pressure 
caused by sleep apnea might be particu- 
larly clinically significant in situations 
where cerebrospinal fluid circulation is 
altered. 

In an otherwise detailed and com- 
mendable investigation of these 10 pa- 
tients, there is no report of the patients’ 
sleep other than to note that the pa- 
tients uniformly had headaches on 
awakening. It would seem reasonable to 
investigate their sleep further. 

M. EILEEN MCNAMARA, MD 
Departments of Psychiatry 
and Neurology 


Rhode Island Hospital 
Providence, RI 02903 
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In Reply. —Our article’ was intended to 
describe an unusual group of patients 
with headache, increased intracranial 
pressure, and absence of papilledema. 
The differential diagnosis of increased 
intracranial pressure and related syn- 
dromes is extensive, and it was not our 
intention to review all such processes. 
With review of medical records, the 
symptoms of pharyngeal snoring, in- 
somnia, restless or altered sleep pat- 


tern, nocturia, daytime somnolence, 
hallucinations, and hearing loss that are 
associated with obstructive sleep apnea 
were absent in our patients.” 

On the other hand, female predomi- 
nance, pulsatile tinnitus, history of head 
trauma, empty sella syndrome, and 
chronic daily headache of great severity 
are seen commonly in our patients, but 
not necessarily in obstructive sleep 
apnea. 

Systemic hypertension is more com- 
mon in obese individuals and may reflect 
the fact that both groups of patients are 
obese, rather than a true distinguishing 
characteristic of either syndrome. Al- 
though low protein concentration in the 
cerebrospinal fluid is common in altered 
cerebrospinal fluid flow, it is not an 
identifying characteristic of idiopathic 
intracranial hypertension.” 

Obesity, morning headache, nausea, 
and systemic hypertension may be com- 
mon in patients with idiopathic intracra- 
nial hypertension and obstructive sleep 
apnea. It is likely that both syndromes 
share some clinical and demographic 
features but are independent entities. 
However, because mutual exclusivity 
has not been determined prospectively, 
if features of obstructive sleep apnea 
are found in new patients with idiopath- 
ic intracranial hypertension without pa- 
pilledema, a sleep apnea evaluation may 
be worthwhile. 

STEPHEN D. SILBERSTEIN, MD 
JOHN MARCELIS, MD 
Comprehensive Headache Center 


One Penn Blvd 
Philadelphia, Pa 19144 
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NOWINCT  SOONINMR 


Sanofi Winthrop has earned 
universal leadership in nonionic 
contrast media for CT. Look to us 
again in MR. For the overall 
quality of our products, our people, 
and our commitment to serve. 
Qualities that help radiology choose 
Sanofi Winthrop contrast media 


first. Now in CT, and soon in MR. 





SANOFI O28 WINTHROP 


LEADERSHIP IN 
NONIONIC CONTRAST 
MEDIA 





Books 


Nerve Block for Common Pain, by Richard 
Cytowic, 96 pp, $19.95, New York, NY, Springer 
Verlag NY Inc, 1990. 

This pocket-sized book has been de- 
signed for a minority of practitioners, 
regardless of specialty. Nerve Block for 
Common Pain has greater potential 
utility for the family physician or the 
internist than it does for the neurologist 
or the anesthesiologist, who would 
choose to rely on more comprehensive 
texts. 

Although organized around five chap- 
ters, the contents of the book are de- 
voted to just two themes: pain theory 
and pain management with nerve 
blocks. The theoretical section is rather 
basic in its approach and covers the gate 
control theory; distinctions between 
acute and chronic pain; and concepts of 
placebo, disability, malingering, and 
behavioral, pharmacologic, and anes- 
thetic approaches to therapy. Regretta- 
bly, cancer pain is not mentioned. These 
topics are presented in a brief, under- 
standable way and, while they are refer- 
enced, the author's personal philosophy 
and bias are apparent throughout. The 
questions raised are interesting, and 
the author provides support from the 
literature for the concept that clinicians 
adopt a more holistic view and a more 
patient and understanding attitude to- 
ward the patient in pain. 

A significant proportion of the text is 
devoted to the discussion and manage- 
ment of the controversial subject of 
myofascial pain and trigger points. Giv- 
en the high frequency of muscular com- 
plaints among patients in pain and a 
recent appreciation of the underrecog- 
nition of this entity in the literature, this 
is an appropriate subject to be empha- 
sized, particularly in a text directed to 
those in general practice. 

The section on nerve blocking is pref- 
aced by a brief overview of technique, 
drug selection, patient preparation, and 
adverse outcomes. It is interesting that 
the author does not advocate the com- 
bined use of steroids and local anesthet- 
ics, a practice that is uniformly well ac- 
cepted. The section covering untoward 
reactions is inadequate for a text that 
advocates the use of specialized, poten- 
tially life-threatening nerve block tech- 
niques for the nonspecialist. Promoting 
their use in this context is in itself con- 
troversial, and it is noteworthy that 
the author has not elected to provide 
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needed detail on safety and resuscita- 
tive measures. 

Several nerve blocks are described in 
detail and are accompanied by a few 
well-drawn schematic illustrations. The 
author has selected an effective ap- 


proach by discussing each block in rela- , 


tion to specific clinical pain syndromes, 
such as muscle contraction headache, 
carpal tunnel syndrome, meralgia par- 
esthetica, and lumbar radiculopathy. 
Again, while the descriptions are clear 
it is disturbing that no mention is made 
of the pitfalls associated with what must 
be considered invasive procedures, ie, 
arterial puncture from cervical plexus 
injection and subarachnoid block from 
paravertebral somatic lumbar nerve 
block. 

In summary, Nerve Block for Com- 
mon Pain promotes the theme that 
nerve blocks should play a more promi- 
nent role in the multidisciplinary man- 
agement of pain, a theme that can be 
viewed as quite acceptable against the 
backdrop of contemporary practice and 
thought. This book, however, goes on to 
couple this theme enthusiastically with 
the rather controversial notion that 
nerve blocks are appropriate to the 
province of the general practitioner. 
The latter is a concept that has some 
qualified merit and deserves debate. 
What is most disturbing, however, is 
that this argument is conveyed in the 
context of what the author himself 
views as a “handbook” and can only be 
viewed as a very superficial treatise. If 
the primary care provider is to seriously 
consider the inclusion of selected tech- 
niques of neural blockade in their prac- 
tice, they would be advised to seek out a 
more comprehensive text that would 
provide a more solid basis for judicious 
and safe patient care. 


RICHARD B. Patt, MD 
Rochester, NY 


Learning Disabilities: A Review of Available 
Treatments, by William Feldman, 141 pp, $31.75, 
Springfield, Ill, Charles C Thomas Publisher, 1990. 


Learning Disabilities is a brief re- 
view of the literature concerning treat- 
ments of learning disabilities (LD). Ac- 
cording to the author, it is intended 
“__. for professionals whose opinions 
may be sought on one or more forms of 
treatment. . .” (p vii) and for parents of 
children with LD. In preparing this 


work, the author reviewed the consid- 
erable literature on LD, selecting for 
discussion only research on treatments 
that represented the highest quality of 
scientific inquiry. After a short, but 
critical, analysis of experimental de- 
signs encountered in his review, Feld- 
man discusses the diagnosis and classifi- 
cation of LD and various approaches to 
treatment, including educational inter- 
ventions, optometric therapy, sensory- 
integration therapy, nutritional treat- 
ments, psychological interventions, and 
pharmacologic treatments of attention- 
deficit disorders and hyperactivity. A 
section on recommendations for prac- 
tice follows each review of treatment. 

This book goes beyond most review 
chapters on LD but is not so exhaustive 
that its usefulness is diminished to clini- 
cal consultants or parents. It is very 
well written and well organized. Use of 
jargon is restricted to a minimum; when 
it is used, the author is careful to define 
terms. The work appears to admirably 
continue a positive trend in the profes- 
sional literature to make scientific infor- 
mation available on specific diseases 
and disabilities to affected individuals 
and their families. 

The accuracy of conclusions concern- 
ing each therapeutic intervention is 
generally good, although the author 
cites very few references more current 
than 1988. The chapters on nutrition, 
the physician and the child with LD, and 
sensory-integration therapy are partic- | 
ularly well done. Some of the reviews 4” 


are narrowly drawn and omit discussion “ 


of important issues. For example, the 
chapter addressing the neurobiology of 
LD omits prematurity and obstetrical 
risk, and the chapter that covers envi- 
ronmental causes presents limited and 
somewhat dated information on neuro- 
toxins. The orientation of the conclu- 
sions favors physicians whose practices 
include children with LD. Therefore, it 
is probable that the book may be less 
appealing to clinicians from other 
professions. 

In general, the author has filled a gap 
in the literature of LD and has written a 
book of greatest usefulness to practic- 
ing physicians. The field is moving for- 
ward, albeit slowly. The somewhat 
dated references in this book may star 
Feldman to consider a second edition. 


PHILIP W. DAVIDSON, PhD 
Rochester, NY 
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CALENDAR OF MEETINGS 


“Alzheimers Disease: New Approaches to Treatment,” The Westgate Hotel, San Diego, Calif. 
Contact Cass Jones, Professional Conference Management, 7916 Convoy Ct, San Diego, CA 
92111; (619) 565-9921. 

“Vascular Malformations of the Brain,” Ritz Carlton, Cleveland, Ohio. Contact the Department of 
Continuing Education, The Cleveland Clinic Educational Foundation, 9500 Euclid Ave, Room TT-31, 
Cleveland, OH 44195-5241; (216) 444-5696; (800) 762-8173. 

“Clinical Neurology for Psychiatrists,” Bahia Mar Resort, Ft Lauderdale, Fla. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine/Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

“Clinical Neurology for Psychiatrists,” Century Plaza Hotel, Century City, Calif. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine/Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

“Rehabilitation: Science, Technology, Quality, and Costs,” La Jolla (Calif) Marriott. Contact Meeting 
Management/Rehabilitation, 5665 Oberlin Dr, Suite 110, San Diego, CA 92121; (619) 453-6222. 
“Recent Advances in Geriatric Medicine,” The Pan Pacific Hotel, San Diego, Calif. Contact Cass 
Jones, Professional Conference Management Inc, 7916 Convoy Ct, San Diego, CA 92111; (619) 
565-9921. 

“Positron Emission Tomographic and Single Photon Emission Computed Tomographic Imaging of 
Living Brain Chemistry in Health and Disease,” Baltimore, Md. Contact Program Coordinator, Office 
of Continuing Education, The Johns Hopkins Medical Institutions, Turner Building, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959. 

“Decade of Brain: Decade of Progress and Promise,” Springfield, Ill. Contact Nancy Walker, 
Continuing Medical Education, Southern Illinois University School of Medicine, PO Box 19230, 
Springfield, IL 62794-9230; (217) 785-4414. 

“Spectrum of Developmental Disabilities,” Baltimore, Md. Contact Program Coordinator, Office of 
Continuing Education, The Johns Hopkins Medical Institutions, Turner Building, 720 Rutland Ave, 
Baltimore, Md 21205; (301) 955-2959. 

“Clinical Neurology for Psychiatrists,” Equitable Tower Auditorium, New York, NY. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine/Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 
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The Osler Institute 


Neurology Review Course 
January 4-9 and 7-9, 1992 — Atlanta March 15-20, 1992 — Houston 


April 2-4, 1992 — San Antonio 


June 11-13, 1992 — San Francisco 


Now the successful board review is a comprehensive update for practice 


OBJECTIVES 

e Prepare candidates to take board examinations 

Provide practicing neurologists with a review and update 
e Assist neurology residents to study efficiently 


METHODS 


e HOME STUDY MATERIALS with assignments and answers 
e SEMINAR with projection slides and lecture-note syllabus 
e PRACTICE EXAMS for your orals 








"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 


not only from world-famous authorities, but from people who are relatively unknown as well."* 


Part I Courses: 


January 4-9 — Atlanta 
March 15-20 — Houston 


Basic Sciences 
Neuroanatomy 
Neurophysiology 
Neurochemistry 
Neuroimmunology 
Neuropathology 
Neuropharmacology 
Neurogenetics 


Clinical Sciences 
Neuroradiology 
Neuro-otology 
Neuro-ophthalmology 
Neuropsych. Testing 

Alcohol and Substance Abuse 
Psychiatry 


Signs and Symptoms 
Headache and Pain 
Higher Cortical Function 
Movement Disorders 
Seizures and Epilepsy 
Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 


Neurologic Diseases 
Infectious Diseases 

Stroke and C.S.F. Disorders 
Tumors and Trauma 

Spinal Cord & Disc Diseases 
Demyelinative Diseases 
Metabolic and Toxic Diseases 
Nutritional Deficiency 
Parkinson’s Disease 
Developmental Disorders 
Sleep Disorders 


Name 
Street/City 
State/Zip 


Phone 


Neuromuscular & Child 
Neuropathies & Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Pediatric Neurology 


Optional Days 
January 10- Atlanta 
March 14 — Houston 


Skull Base Surgery 
Cerebropontine Angle 
Craniovascular Surgery 
Pituitary Surgery 
Spinal Surgery 
Neuroanesthesiology 


Part II Courses: 
January 7-9 — Atlanta 

April 2-4 — San Antonio 
June 11-13 — San Francisco 
November 12-14 — New York 


The three day "Part II 
Courses" and six day "Part I 
Courses" are both helpful for 
the oral boards. The six day 
course includes a series of 
comprehensive lectures as 
well as case reviews in the 
form of mock oral exams. 
Those enrolled in January 4-9 
may attend any of the Part II 
mock orals January 7-9. 

The three-day courses will be 
case reviews in the form of 
mock oral exam vignettes on 
differential diagnosis, treat- 
ment options, and 
complications. Following 


each exam, faculty will pro- 


vide a critique and answer 
questions. Each participant 


will be given a half-hour oral 
exam and critique, and may 
observe other sessions. 
Additional 25-minute ses- 
sions may be arranged for $70; 
private sessions may be ar- 
ranged for $100. With 
adequate lead time and a sur- 
charge of $60 per half hour, an 
exam can be scheduled with 
an adult neurology patient. 


Marshall Allen, M.D. 
Alex Auchus, M.D. 
Darwin Boor, M.D. 
Richard Borison, M.D. 
Noble David, M.D. 

Yong Duck Park, M.D. 
Thomas Fekete, M.D. 
Ramon Figueroa, M.D. 
Ann Flannery, M.D. 
Felicia Goldstein, M.D. 
Robert Green, M.D. 
Steve Hersch, M.D. 

T. Heimen-Patterson, M.D. 
Jorge Juncos, M.D. 
Denise Malkowicz, M.D. 
Anthony Murro, M.D. 
Tai Nguyen, M.D. 

Ken Reed, M.D. 

Joe Sam Robinson, M.D. 
C. Schneck, M.D., Ph.D. 
Robert Shuman, M.D. 
M. Steinschneider, M.D. 
Ray Watts, M.D. 


Limited Enrollment: NEUROLOGY BOARDS REVIEW REGISTRATION 














For: L January 4-9, 1992 — Atlanta 


(January 7-9, 1992 — Atlanta 





Mail today to: 


P.O. Box 2218 
Terre Haute, IN 47802 


1094 Dawn Lane, Dept. 201 


CI March 15-20, 1992 — Houston 


C April 2-4, 1992 — San Antonio 
CJune 11-13, 1992 — San Francisco 
CJNovember 12-14, 1992 — New York 
CJ Check enclosed for $ 
O Please send FREE SAMPLE 
















” remarkably complete and pleasant....'"* 


COURSES: The Part I Course consists of , 
six days of lectures and mock oral exams for 
written and oral boards. The Part II Course 
is three days of adult and pediatric mock oral 
exam vignettes immediately before and in 
the same city as the oral board exams. 
Board candidates recommend repeating the 
courses just before written and oral exams. 
Board certified participants recommend the 
courses as excellent reviews and updates. 


"Accommodations were comfortable....'"* 


LOCATION: The January course will be at 
the Hyatt Atlanta Airport. Our group discount 
rates will be $99 single and $129 double. 


" and those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for special group fares. 


"the most education for the money."* 
FEES AND CATEGORY 1 HOURS: 


Physician or Resident Phy. Res. Hrs. 
e Part I or II Course (6 days): $780 $520 60 

repeating within 2 yrs: $390 $390 60 
© Optional Day 

(January 10 or March 14): $150 $100 8 
e Part II Course (3 days) $570 $380 28 

repeating within 2 yrs: $285 $285 28 


è Add 10% within 10 days of the course. 

© Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

© Subject to a $50 fee, refunds will be made 
until the seminar begins. 

"home study material was extremely helpful. ™* 


ACCREDITATION: Jointly sponsored by 
Penn State’s College of Medicine at The 
Milton S. Hershey Medical Center. Penn 
State is accredited by the Accreditation 
: Council for Continuing Medical Education 
* (ACCME) to sponsor continuing medica ed- 
 ucation for physicians. 

* CREDIT: Penn State designates thiscontinuing 
t medical education activity for up to 98 hours in 
Category 1 of the Physician’s Recognition 
+ Award of the American Medical Associationy- 
"I feel it helped me pass the boards."* } 


INFORMATION: 
1094 Dawn Lane, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


— * Comments by past Osler participants 
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Presurgical Electroencephalographic Patterns and 
` Outcome From Anterior Temporal Lobectomy 


Elizabeth Barry, MD; Neil M. Sussman, MD; Michael J. O’Connor, MD; Richard N. Harner, MD 


© We reviewed data from 48 patients after 
anterior temporal lobe resection for medical- 
ly intractable epilepsy. All had ictal electro- 
encephalographic (EEG) evidence of unilat- 
eral temporal lobe onset. Depth electrodes 
were used in 19 patients. Successful surgical 
outcome correlated significantly with factors 
that suggested a temporal lobe focus, partic- 
ularly in the interictal scalp EEG. The most 
successful outcome occurred in patients 
with well-localized unilateral interictal tem- 
poral spikes (100% improved). The group 
with well-localized bilateral temporal spikes 
also did well (76% improved). Patients with 
extratemporal spread of the interictal spike 
on scalp EEG, either unilaterally or bilateral- 
ly, did less well. Only one third improved, de- 
spite extensive extracranial and intracranial 
monitoring, when indicated. The interictal 
scalp EEG may be the only EEG necessary for 
> the presurgical evaluation of selected pa- 
” “tients with intractable temporal lobe epilepsy. 
(Arch Neurol. 1992;49:21-27) 


S uccess or failure of temporal lobe re- 

section for patients with intractable 
temporal lobe epilepsy’ depends on se- 
lection of appropriate candidates. Early 
investigators localized seizure onset 
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primarily with the interictal scalp elec- 
troencephalogram (EEG), and surgi- 
cal removal led to significant improve- 
ment in 50% of patients.” 

Technological advances have now led 
to many different methods of presurgi- 
cal evaluation, and the postoperative im- 
provement rate has risen to 70% to 90%.** 
These methods include the recording of 
actual seizures,” video analysis of clini- 
cal seizure type,” positron emission 
tomography, magnetic resonance im- 
aging,” and extensive neuropsychologic 
testing.’ Multiple predictors have been re- 
commended by some centers. ®™ How- 
ever, increased success in outcome has 
been accompanied by increased cost and 
invasiveness, reducing the availability 
of this procedure for many patients who 
otherwise could benefit from it. 

The purpose of this study was to de- 
termine whether there were any simple 
factors that could identify those pa- 
tients who are most likely to benefit 
from surgery, who therefore should be 
referred early on to an epilepsy center 
for more extensive evaluation. We were 
particularly interested in the interictal 
scalp EKG, since it is a test routinely 
obtained in patients being evaluated for 
seizures, 


MATERIALS AND METHODS 
Patients 


Forty-eight patients underwent temporal 
lobe resection from 1972 to 1985. All had 
functionally incapacitating complex partial 
seizures that were refractory to three major 
antiepilepsy medications (phenytoin, carba- 
mazepine, and primidone or phenobarbital). 
Seizure frequency varied from many per day 
to one a month, averaging one to three a week. 

Each patient had at least two 30-minute 
16-channel interictal scalp EEGs with naso- 


pharyngeal leads and sleep. The 10-20 Inter- 
national System of electrode placement was 
used in all cases. Most of these EEGs were 
recorded early in the evaluation, often in the 
outpatient laboratory as part of the initial 
workup. Patients also had a number of inter- 
ictal 8- or 16-channel scalp EEGs, recorded 
during monitoring for seizures. Many of 
these latter were bedside recordings. The 
average number of scalp-recorded EEGs 
used for the analysis was 5.2 per patient. 

Initially, EEGs were recorded while the 
patients were receiving full medications. 
Then anticonvulsants were gradually with- 
drawn. All but two of the patients (both early 
in the series) had spontaneous seizures re- 
corded on video and EEG, to identify the site 
of seizure onset. When the seizure onset 
looked bilateral or was indeterminate from 
scalp EEG recordings, four to eight multi- 
contact depth electrodes were implanted and 
further seizures recorded from intracranial 
structures. Depth electrodes were placed 
freehand through burr holes, using land- 
marks from skull roentgenograms or com- 
puted tomograms (CT). Placements were 
checked by postoperative skull roentgeno- 
grams and CT. All patients receiving depth 
electrodes had four temporal electrodes in 
bilaterally symmetrical anterior and posteri- 
or temporal lobe regions, with the deepest 
contacts in the amygdala and hippocampus, 
respectively. Two or four additional bilater- 
ally symmetrical electrodes were added in 
other areas depending on suspected seizure 
onset from clinical and scalp EEG data, and 
included frontal, parietal, or occipital re- 
gions. Nineteen of the patients (40%) re- 
quired depth electrodes. 

Other corroborative data included results 
from clinical history and physical examina- 


tion. Angiogra a ormed on all pa- 
tients. Computed t ic scanning was 
available on the last 41 Yale is. Cases with 


tumors known before surge ; were excluded 

from this study. Seyen additional patients 

were discovered«to have microscopic neo- 

plasms at pathologic examinatjdn; these sev- 
f T ¢ f 


Temporal Lobectomy—Barryetal 21 


en were also excluded. 

Neuropsychologic testing was performed 
on many of the later patients, and the 
Wechsler Adult Intelligence Scale-Revised 
(IQ) full scale and subscores are known in 25. 
Wada tests were performed on 39 patients, 
but six early cases were only injected on the 
side of the proposed surgical resection. Bilat- 
eral Wada test results are available on the 
other 33 patients. 


Clinical Seizures 


Clinical information about seizures was ob- 
tained by reviewing reports of videotaped 
seizures and, in many instances, the video- 
tapes themselves. Information about the au- 
ras was obtained from a detailed clinical his- 
tory of each patient. Seizures were classified 
as type I or type II complex partial sei- 
zures’’” by the presence or absence of an 
initial motionless stare, followed by stereo- 
typed automatisms and reactive movements. 
Auras were classified according to Penfield 
and Kristiansen,” as modified by Gupta et 
al,” in four categories (sensory, autonomic, 
psychical, and none). 


Interictal EEG Analysis 


All EEGs were read preoperatively by two 
of us (N.M.S. and/or R.N.H.). Only 16-chan- 
nel recordings, made in the EEG laboratory 
with a full 10-20 International System of elec- 
trode placement with recommended mon- 
tages, were used for the interictal EEG anal- 
ysis. This was a retrospective analysis, using 
EEG reports based on a system of waveform 
localization developed by Harner.” Ab- 
stracted abnormalities included the localiza- 
tion and lateralization of slowing and epilep- 
tiform activity (spikes and sharp waves). 
Only patterns seen during wakefulness were 
included, because EEG abnormalities, espe- 
cially spikes, are more variable during non- 
rapid eye movement sleep.” Because the 
EEGs were read preoperatively, the reports 
were not biased by the outcome. 

The site of maximum spike voltage on ref- 
erence montages, or phase reversal on se- 
quential montages, was coded as either tem- 
poral or extratemporal, corresponding to the 
nearest surface electrode in the 10-20 system 
(temporal included NP,, NP, F, Fẹ Ta, T, 
T,, T,; extratemporal was everything else). 
The site of maximum abnormality was usual- 
ly stable over time, even after withdrawal of 
medication. The most common effect of medi- 
cation withdrawal was to increase the occur- 
rence of secondary foci (ones that had already 
been seen prior to medication withdrawal). 

The EEGs were classified as “unilateral” if 
spikes were confined to one side at least 95% 
of the time, a criterion used by Duke Univer- 
sity Medical Center (Durham, NC) and the 
Mayo Clinic (Rochester, Minn) in selection of 
patients with unilateral foci.” “Bilateral” 
EEGs had unilateral spiking less than 95% of 
the time. If both discharges fell within the 
temporal regions, patients were still classi- 
fied as “temporal,” but bilateral. Some pa- 
tients had a temporal focus on one side and an 
extratemporal focus in the contralateral side; 
these patients were classified as temporal 
and extratemporal, bilateral. 

Figures 1 and 2 show examples of tempo- 
ral discharges, unilateral (Fig 1) and bilateral 
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Fig 1.—Patient 56. An example of a unilateral left temporal lobe discharge. This patient is seizure 
free after a left temporal lobectomy. ECG indicates electrocardiogram. 


(Fig 2). Figure 3 illustrates a unilateral case 
with extratemporal spread. 


Ictal Onset 


Patients with seizures beginning on one 
side at least 80% of the time were considered 
to have unilateral seizure onset. All the rest 
were classified as bilateral/indeterminate. 
Many of the latter cases required depth elec- 
trodes for more precise lateralization. It was 
not always possible to localize seizure onset 
to a discrete scalp area. Whenever the local- 
ization was in doubt, depth electrodes were 
inserted for further ictal recordings. 


Surgery 


Surgery was performed only if seizures 
began in the resected temporal lobe at least 
80% of the time. The surgical procedure was 
a standard anterior temporal lobectomy, per- 
formed in most cases under local anesthesia. 
The resection extended 4.5 cm posterior from 


the temporal tip on the dominant side, and 6 
cm posterior on the nondominant side. Using 
corticography as a guide, additional cerebral tis- 
sue was removed if prominent spikes remained at 
the line of resection, and if intraoperative 
testing of the patient revealed no deficits. 


Outcome 


Classification of surgical outcome used the 
criteria developed at the University of Cali- 
fornia at Los Angeles’: 1, seizure free; 2, rare 
seizures (less than three a year); 3, worth- 
while improvement (greater than 80% reduc- 
tion); and 4, no worthwhile improvement. 
Follow-up ranged from 12 to 97 months, with 
a mean of 36 months. Thirty-four patients 
had 24 or more months’ follow-up; only one 
patient had less than 18 months’ follow-up. 


RESULTS 


Table 1 shows the results of surgery 
for the 48 patients. Most of the patients 
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Fig 2.—Patient 42. Bilateral temporal lobe (anterior and mesial temporal). This patient had a right 
temporal lobectomy, and is now seizure free. ECG indicates electrocardiogram. 


fell into either class 1 or class 4. For 
some of the analyses, we combined the 
first two classes (1 and 2) as the “impro- 
ved group,” and the remaining two classes 
(3 and 4) into the “non-improved group.” 
Of the 48 patients, 35 (73%) were sig- 
nificantly improved following surgery 
(classes 1 and 2), and 65% were seizure 
free. Thirteen patients (27%) continued 
to have frequent seizures (classes 3 and 4). 


Clinical Parameters 


Clinical factors and their correlation 
with outcome are shown in Table 2. 
ueft-sided cases did slightly better than 
right-sided cases, but the difference 
was not statistically significant (x° dis- 
tribution). There was roughly an equal 
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number of males and females, with no 
difference in outcome. The age at sur- 
gery and duration of seizures did not 
correlate with outcome, either (t test, 
difference between two means). 
Thirty-nine patients had a known or 
suspected cause, either by history or 
radiologic examination (Table 2). The 
pathologic diagnoses were known in 24 
cases. There did not seem to be any 
significant difference in outcome for the 
various pathologic diagnoses, or for the 
presence or absence of a known cause. 


Corroborative Tests 


Thirty-six patients had known CT 
sean results (Table 2). Twenty-five 
were read as “normal,” nine had focal 


abnormalities (usually focal atrophy), 
and two had generalized atrophy. Pa- 
tients with abnormal CT scans were 
more likely to improve from surgery 
than those with normal scans. Results of 
cerebral angiograms were known for 27 
patients. Most were normal; the few 
that were not had abnormalities unre- 
lated to the epilepsy. 

Neuropsychologie test results were 
variable. There were no significant differ- 
ences in outcome based on IQ full-scale or 
subscores (Table 2). In all but five cases, 
however, the Wada test demonstrated 
worse memory on the side of the sus- 
pected focus. Of the five with inconclu- 
sive results, four had similar memory on 
both sides; the fifth had better memory 
from the “bad side,” but she needed 
depth electrodes to accurately lateralize 
her focus. All five cases with equivocal 
Wada tests were in the improved group. 


Seizure Types 


Classification of seizure types yielded 
29 type I complex partial seizures and 19 
type II (Table 3). There was a trend for 
type I CPS to do better than type II, but 
it was not statistically significant at the 
.05 level QÔ. 

Only some of the major clinical fea- 
tures of the seizures were significantly 
correlated with outcome (Table 3). Fre- 
quent generalization (more than once a 
month) predicted a poor outcome, 
whereas the opposite was true for occa- 
sional or rare generalization (Table 3). 

Thirty-nine patients reported auras 
(Table 3). Autonomic auras correlated 
with good outcome, and sensory auras ten- 
ded to be associated with poor outcomes, 
but the numbers were small and did 
not achieve significance. The other types 
of auras, including the absence of one, were 
seen equally in good and poor outcomes. 


EEG PARAMETERS 
Interictal Scalp EEGs 


The site of maximum interictal spike 
voltage correlated significantly with 
outcome from seizure surgery. A 4x4 
contingency table comparing the four 
different outcome groups with four classif- 
ications for maximum spike voltage was 
significant at a P value of less than .01 
(Table 4). The patients with unilateral 
temporal spikes did the best, as all 12 (100%) 
were in outcome groups 1 or 2. The next 
most successful group of patients were 
the ones with bilateral temporal spikes 
(76% improved). Although these two 
groups had somewhat different success 
rates, the difference was not statistical- 
ly significant (P>.05; 2 x 2 contingency 
table). Patients with extratemporal 
spread on interictal discharges, even 
when unilateral, had much worse out- 
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Fig 3.—Patient 54. Unilateral temporal and extratemporal, right-sided. Despite the extratemporal 
spread, this patient is also seizure free following a right anterior temporal lobectomy. ECG indicates 
electrocardiogram. 


PT 


comes. Only about one third from each 
group was improved with surgery. 
These findings are further illustrated 
by combining the patient groups accord- 
ing to the significant features of the 
EEG discharge. When the patients are 
grouped by lateralization (unilateral or 
bilateral) vs outcome, there is no signifi- 
cant difference in the populations (Table 
4). However, when they are grouped by 
localization (temporal or extratem- 
poral) vs outcome, the difference is 
highly significant (Table 4). Of the 37 
patients with well-localized temporal 
discharges, 31 (84%) were improved 
significantly following surgery. Of the 
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11 patients with extratemporal spread, 
only four (86%) improved significantly 
with surgery (x? analysis, 2 x 2 contin- 
gency table, P<.01). The EEG parame- 
ter that is most important in defining 
the outcome population is the temporal 
or extratemporal localization of the ma- 
jor interictal spike, although the latera- 
lization of the discharge plays a minor 
role in patients with temporal spikes. 
This method is actually similar to that 
used by Dodrill et al, when they com- 
pared foci in the anteromidtemporal ar- 
eas with foci everywhere else, except 
that the method reported here excludes a 
few more cases because of extratemporal 


TS APENT, 
i 


Table 1.—Results of Anterior 
Temporal Lobe Resection 














Classification N % 
Significant improvement 35 73 
| Seizure-free, 


with or without auras 
ll Rare seizures 

less than 3 per year 4 8 
No significant improvement 
Ill Worthwhile improvement 

greater than 80% reduction 4 8 
IV No worthwhile improvement 
Total No. of patients 


spread. When these data are analyzed 
according to Dodrill’s method, 79% of the 
anteromidtemporal group did well, as op- 
posed to 40% of the other foci (P<.01). 

In 11 of the 12 patients with unilateral 
temporal discharges, the resection was 
on the side of the interictal discharge. 
The one exception was a patient with a 
focally abnormal CT scan and neurolog- 
ic examination suggesting the contra- 
lateral hemisphere. Seizures recorded 
with scalp electrodes were falsely local- 
izing. Only after seizures were recorded 
from depth electrodes was the correct 
side identified. 


Depth Electrode EEGs 


Depth electrodes were implanted in 
19 patients because of inadequate focus 
identification on ictal scalp recordings 
(Table 4). There was no significant dif- 
ference in surgical outcome for those 
who had depth electrodes vs those who 
only had surface EEGs, although there 
was actually a trend for patients with 
depth electrodes to do worse (only 63% 
improved compared with 73% of the to- 
tal). This probably reflects the patient 
population chosen to receive depth elec- 
trodes. Thirteen of the temporal-only 
patients were implanted with depth 
electrodes, primarily for lateralization 
of seizure onset. Eleven (85%) of these 
13 were improved after surgery. Six of 
the extratemporal group were implant- 
ed with depth electrodes, for localiza- 
tion as well as for lateralization of sei- 
zure onset. Two (33%) of these six were 
improved with surgery. This was signif- 
icant at the P<.05 level (x? analysis, 
2 x 2 contingency table). 


Ictal Recordings 


Patients with consistently unilateral 
seizure onset on scalp EEGs did slightly 
better than those with occasional inde- 
pendent bilateral onset or equivocal ré 
cordings (Table 5), but the difference 
was not statistically significant. Al- 
though the numbers were small, pa- 
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Table 2.—Patient Features* 


Outcome 





Table 3.—Clinical Seizure Features* 
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Classifications Improved Improved 
A aaa 
Ill and IV, % No. % Statistic 
l and Il, Not Complex Partial Seizure Types 
Improved Improved Statistict Type 1 (29) 22 4O~:7, 24 5 A 
Patient Characteristics Type 2 (19) 13 68 6 32 } AAE 
ee Major Clinical Features 
‘ie (23) 19 A Stare (43) 31 f2- 12 28 
} X = 2.10 Posturing, one limb 
Female (25) 16 9 (15) 12 80 3 20 
a en es 3 Head turning (11) ró 64- 4” 36 
1g } X? = 0.58 Adversive posturing 
Left (19) 15 4 (6) 3 50 3 50 
Age at surgery Automatisms 
Mean age 26.7 29.3 Alimentary (16) 18 Bt Sao 
Range 12-42 15-44} [t] = 1.03 Ambulatory (15) 10. 1867, 76ra 36 
at 7.71 8.04 Gestural (30) 2278 e 7 
Duration of epilepsy Mimetic (20) 15 75 -5 25 
Mean No. of years 17.49 17.54 Verbal (18) 13 72. e 26 
gees 2-38 6-30 } [t] = 0.02 Clonic motor (7) 3 4 r67 
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Rare (25) 
Cause (<1/y) 194 76 6 24 
Trauma (11) 8 3 Occasional (9) 
Infection (8) 5 3 (<1/mo) BE Be <3 | 44 
Arteriovenous Often (14) 
malformation (1) 1 (0) (>1/mo) 
Fever (9) 8 1 
Birth trauma (8) 7 1 Sensory (13) 9 62 5 38 
Anoxia (2) 1 1 Visual (1) 1a- 100" +20) o 
Unknown (13) 9 4 Auditory (2) ie} @- 1." 100 
Pathology Olfactory (8) ON as ON ee 
Normal (7) 5 2 Gustatory (1) 1 100 O 0 
Gliosis (15) 12 3 Vertiginous (2) 2. 0" © (0) 
Arteriovenous Somatosensory 
malformation (1) 1 o (7) 3 43 4 57 
Encephalitis, chronic (1) (0) 1 Psychic (21) 16 TE- B TM 
Unknown (24) Dysmnesic (1) 1- 100 © fe) 
Computed Tomograms Cognitive (7) 7 100 O 0 
Normal (25) 17 8 Affective (10) 6 60 4 40 
Abnormal (11) 10 1 } X? = 2.35 Illusions (0) a Aeba OL OM 
Unknown (12) 8 Autonomic (9) 8. *100.- 0 0 
IQ Scores Epigastric (7) 7 100 O ie} 
Full-scale mean 89.5 86.8 } [t] = 0.49 Cardiovascular 
sD 11.20 9.98 (0) o o 
* Numbers within parentheses indicate total number of cases. Genitourinary 
tNot significant. o) 1 100:0 o 
None (12) 8 Sf: 4" 338 


tients with seizures recorded from ex- 
tratemporal areas on the same side did 
worse than patients with rare contralat- 
eral temporal lobe seizures. In some 
cases, the contralateral seizures were 
atypical for the patient and considered 
to be clinically insignificant. Patients 
with frequent bilateral seizure onset 
were not included in this study, as they 
did not undergo surgery. 


COMMENT 


These results confirm that the inter- 
ictal scalp EEG still has a valuable role 
in predicting which patients would be 

“most likely to benefit from anterior tem- 
poral lobe resection. The key was local- 
ization, not lateralization. The patients 
who did well were those with well-local- 
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* Numbers within parentheses indicate total number of cases. 


tNot significant. 
Significant at .05 level. 


ized temporal spikes. Patients with bi- 
lateral discharges still did well if the 
discharges were confined to the tempo- 
ral regions on both sides, and if the sei- 
zure onset was correctly lateralized to 
the resected temporal lobe. 

The other clinical data support this 
conclusion. Seizure characteristics that 
suggested limited temporal lobe pathol- 
ogy (lack of generalization, epigastric 
auras, alimentary automatisms) were 
associated with a better outcome. Com- 
puted tomographic scan abnormalities 
localized to the resected temporal lobe 
also correlated with better outcome, 
possibly because the seizures in these 


cases were due to discrete lesions that 
could be completely removed with a 
standard temporal lobe resection. 

This agrees with previous studies, A 
unilateral well-localized temporal lobe 
focus, whether described as “localiza- 
tion to the temporal lobe only”; “medial 
temporal focus”; or “anterior-midtem- 
poral focus” uniformly predicts a good 
outcome from anterior temporal lobec- 
tomy. Bilateral temporal discharges are 
not a contraindication to surgery when 
ictal and intracranial recordings are 
used.“ Extratemporal discharges on 
the scalp EEG are also variably de- 
scribed in the literature, but they usual- 
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unilateral 9 3 100 o 0 0 12 
Temporal, 
bilateral 18 1 76 2 4 24 25 
Temporal and 
extratemporal, 
unilateral 1 (0) 33 1 1 67 3 
Temporal and 
extratemporal, 
bilateral 3 ie} 37 1 5 63 8 
Total 31 4 73 a 9 27 48 
Statistic xX? = 18,29* 
No. % No. % Statistic 
Lateralization of Interictal Scalp EEG Spikes 
Unilateral 13 87 2 13 
Bilateral 22 67 11 33 } x8 = 2.27¢ 
Total 35 73 13 27 
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bilateral 1 1 


33 1 3 67 6 





Total 





Statistic 


* Significant at .01 level. 
tNot significant. 


Improved 


Statistic No. 


Not Improved 
aaae aaaea 


% No. % 





Seizure Onset, Scalp EEG 


All unilateral 22 


76 7 24 





Bilateral / indeterminate 12 
xX? = 0.17* 
Unknown 


71 5 29 


50 


Seizure Onset, Depth EEG 


All unilateral 9 


69 





Bilateral /indeterminate 
xX? = 0.66° 


* Not significant. 


ly predict a less favorable outcome from 
temporal lobectomy.: 

Engel et al“ confirmed the bilateral 
and multifocal nature of many complex 
partial seizure disorders. They suggest- 
ed that surgery should be directed at 
the area “most responsible” for the sei- 
zures, if the patient has bilateral or mul- 
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tifocal interictal discharges. Ludwig et 
al” reported that seizures can look tem- 
poral and actually be extratemporal or multi- 
focal. Most of their 13 extratemporal 
cases meet our criteria for extratem- 
poral foci on scalp interictal EEG. The 
authors emphasize that the seizure on- 
set should be reasonably welllocalized 



















by scalp recordings first, and then intra- 
cranial recordings made, when neces- 
sary, to confirm or deny the initial 
impression. 

The four different interictal scalp 
EEG patterns in this patient population 
suggest four different anatomic pat- 
terns of temporal lobe pathology. Each 
may require a different type of analysis 
for the best surgical success. 

Patients with discrete unilateral temp- 
oral lobe discharges could be correctly 
evaluated with interictal scalp EEGs alone. 
The only exception had clinical and ra- 
diologic data contradicting the EEG 
data. If all of the presurgical informa- 
tion is in agreement with the interictal 
EEG, no further monitoring is necessary. 

Patients with bilateral temporal lobe 
discharges required ictal recordings, 
and often depth electrodes, for correct 
lateralization of the seizure onset. The 
contralateral side may not have been 
involved in seizure generation, or it may 
have been more easily controllable with 
medications. 

The third and fourth seizure catego- 
ries, associated with unilateral or bilat- 
eral extratemporal spread on interictal 
EEG, were not always adequately local- 
ized by scalp or depth electrodes. These 
patients may have needed intracranial 
subdural electrodes” (not used in this 
series) for better localization of seizure 
onset. Some of these latter patients may 
have had large regional or multifocal 
onset, so that a “complete” focus remov- 
al” may have been impossible without 
damaging important functional areas. 

The interictal scalp EEG has a valu- 
able role in the identification of these 
different types of patients. Although 
the routine EEG is only sampling a 
small proportion of the underlying par- 
oxysmal activity, it is recording enough 
information to determine whether the 
seizure discharge is sharply circum- 
scribed or well lateralized. In selected 
patients in whom the discharge on interic- 
tal EEG is well localized and agrees 
with other standard presurgical tests 
(physical examination, radiologic tests), 
a temporal lobectomy will be successful with- 
out further monitoring. Other patients 
with less localized EEGs may require 
ictal recordings and intracranial elec- 
trode studies to guide the surgery. In 
these latter patients, the interictal scalp 
EEG is an invaluable first clue of how to pro- 
ceed next with the presurgical evaluation. 


This study was supported in part by a Wilder 
Penfield Clinical Fellowship from the Epilepsy 
Foundation of America (1983). 
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Evaluation of Cerebral Biopsies for the Diagnosis of Dementia 


Christine M. Hulette, MD; Nancy L. Earl, MD; Barbara J. Crain, MD, PhD 


e To identify those patients most likely to 
benefit from a cerebral biopsy to diagnose 
dementia, we reviewed a series of 14 unse- 
lected biopsies performed during a 9-year 
period (1980 through 1989) at Duke Universi- 
ty Medical Center, Durham, NC. Pathogno- 
monic features allowed a definitive diagno- 
sis in seven specimens. Nondiagnostic 
abnormalities but not diagnostic neuropath- 
ologic changes were seen in five additional 
specimens, and two specimens were normal. 
Creutzfeldt-Jakob disease was the most fre- 
quent diagnosis. One patient each was diag- 
nosed as having Alzheimer’s disease, dif- 
fuse Lewy body disease, adult-onset 
Niemann-Pick disease, and anaplastic astro- 
cytoma. We conclude that a substantial pro- 
portion of patients presenting clinically with 
atypical dementia are likely to receive a de- 
finitive diagnosis from a cerebral biopsy. 
However, in those with coexisting hemipare- 
sis, chorea, athetosis, or lower motor neuron 
signs, cerebral biopsies are less likely to be 
diagnostic. 

(Arch Neurol. 1992;49:28-31) 


6<T) ementia” is a syndrome character- 
ized by global deterioration of 
cognitive abilities and is the general 
term used to describe the symptom 
complex of intellectual deterioration in 
the adult. It is associated with multiple 
causes, although Alzheimer’s disease 
(AD) alone accounts for approximately 
60% of cases. ™* 
Interest in the accuracy of the diagno- 
sis of dementia is a relatively recent 
phenomenon, reflecting both an in- 
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crease in physicians’ awareness of mul- 
tiple specific causes of dementia and a 
marked increase in both the incidence 
and prevalence of dementia associated 
with the increase in the elderly popula- 
tion.’ The clinical evaluation remains 
the key to the differential diagnosis, and 
in most cases dementia can be diagnosed 
accurately by clinical criteria. Howev- 
er, the definitive diagnoses of AD." 
Pick’s disease,” Creutzfeldt-Jakob dis- 
ease (CJD), ™" Binswanger’s disease, ™™ 
and diffuse Lewy body disease” still 
require histologic examination of the 
cortex to identify characteristic struc- 
tural changes. 

Brain tissue is almost invariably ob- 
tained at autopsy, and the vast majority 
of pathologic diagnoses are thus made 
post mortem. Alternatively, an ante- 
mortem histologic diagnosis can be pro- 
vided to the patient and his or her family 
if a cerebral biopsy is performed while 
the patient is still alive. Because brain 
biopsies for dementia are not routinely 
performed, we sought to define the 
spectrum of pathologic changes seen ina 
retrospective unselected series of adult 
patients undergoing cerebral biopsy for 
the diagnosis of atypical dementing ill- 
nesses and to determine the patient se- 
lection criteria most likely to result in a 
definitive diagnosis. 


MATERIALS AND METHODS 


Cerebral biopsies performed solely for the 
diagnosis of dementia in adult patients were 
identified by a manual search of the patient 
files of the Division of Neuropathology, Duke 
University Medical Center, Durham, NC, 
and by a computerized search of discharge 
diagnoses of patients undergoing brain biop- 
sies. Fourteen cases were identified from the 
period 1980 to 1989. Patients undergoing bi- 
opsies for suspected tumor, inflammation, or 
demyelinating disease were excluded. A clin- 
ical history of dementia was an absolute re- 
quirement for inclusion in the study. Diagno- 


sis was based on Diagnostic and Statistical 
Manual of Mental Disorders, Third Edition, 
and on National Institute of Neurological and 
Communicative Disorders and Stroke/Alz- 
heimer’s Disease and Related Disorders As- 
sociation (ADRDA) criteria for probable 
AD.” 

The published recommendations for han- 
dling tissue from patients with suspected 
CJD were followed in every case.” ™ Briefly, 
tissue was transported in double containers 
clearly marked “Infectious Disease Precau- 
tions.” Double gloves, aprons, and goggles 
were used at all times. Tissue was fixed in 
saturated phenol in 3.7% phosphate-buffered 
formaldehyde for 48 hours” and subsequent- 
ly hand processed for paraffin embedding. At 
least 1 cm’ of tissue was available for exami- 
nation from each patient, except for patient 
7, who underwent bilateral temporal lobe 
needle biopsies. Patient 14 underwent biop- 
sy of both frontal and temporal lobes. 

One paraffin block was prepared for each 
biopsy specimen, and sections were routine- 
ly stained with hematoxylin-eosin, luxol fast 
blue, Congo red, alcian blue, periodic acid- 
Schiff, and modified King’s silver stain” in 
every case, except for case 7, in which the A 
diagnosis was made by frozen section. Por- — 
tions of both gray and white matter were 
primarily fixed in glutaraldehyde and em- 
bedded in epoxy resin (Epon). Tissue was 
examined by electron microscopy if abnor- 
malities, such as neuronal storage or other 
inclusions, were seen in routine paraffin 
sections. D 

Khachaturian’s’ National Institute of Neu- 
rological and Communicative Disorders and 
Stroke/ADRDA criteria for quantitation of 
senile plaques and the diagnosis of AD were 
used in all cases after 1985. At the time of our 
study, these criteria were also applied retro- 
spectively to cases accessioned before 1985. 
No attempt was made to grade the severity 
of other abnormalities (eg, gliosis and spongi- 
form change), and the original pathologie di- 
agnoses were not revised. 


RESULTS ‘a! 
The clinical presentations, biopsy 


findings, and follow-up data, including 
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Table 1.—Summary of Clinical Presentation and Course* 















































Case/Age, Duration of 
y/Sex Symptoms, y Clinical Findings Biopsy Follow-up 
1/60/F 0.1 Dementia, left-sided CJD Unavailable 
homonymous hemi- 
anopia, myoclonus, 
EEG showing bilat- 
eral synchronous 
discharges 
2/57/M 0.4 Dementia, aphasia, my- CJD Postoperative intra- 
oclonus; visual dis- Parenchymal 
turbance; facial hemorrhage, 
asymmetry, abnormal mute dead at 58 
EEG y, no autopsy 
3/59/M 2 Dementia, apraxia, vi- CJD Dead at 61 y, au- 
sual disturbance, topsy showed 
bradykinesia, EEG CJD 
showing periodic 
sharp waves 
4/32/M 1 Dementia, myoclonus, AD Dead at 40 y, au- 
ataxia, family history topsy showed AD 
of early-onset de- 
mentia 
5/78/M 6 Dementia, paranoia, Diffuse Lewy Dead at 78 y, no 
agitation, rigidity body disease autopsy 
6/37 /F 6 Dementia, dysarthria, Neuronal storage Stable at 39 y 
abnormal eye move- disorder, adult- 
ments, ataxia onset N-P 
type Il 
7/58/F 0.3 Dementia, amnesia, Anaplastic Dead at 58 y, no 
depression, partial astrocytoma autopsy 
complex seizures 
8/37/M 2 Dementia, dysarthria, Gliosis Dead at 38 y, au- 
upper-extremity atro- topsy showed 
phy and fascicula- amyotrophic lat- 
tions eral sclerosis 
with white-matter 
gliosis 
9/45/F 2 Dementia, aphasia, Gliosis Postoperative sub- 
right-sided hemipare- dural hygroma, 
sis, rigidity, athetosis dead at 50 y, 
autopsy showed 
focal CJD 
10/56/F 2 Dementia, myoclonus, Consistent Unavailable 
cerebellar dysarthria, with CJD 
EEG showing bipha- 
sic periodic sharp 
waves 
11/60/F 2 Dementia, dysarthria, Plaques, Stable at 61 y 
right-sided hemipare- gliosis 
sis, hypertension, 
magnetic resonance 
image showing small- 
vessel disease 
12/52/F 2 Dementia, aphasia, Gliosis Bedridden, severely 
right-sided hemipare- demented at 
sis 54 y 
13/40/M 0.5 Dementia, mild bifacial Normal Stable at 41 y 
weakness, concrete 
thinking, altered 
speech 
14/52/M 6 Dementia, choreoathe- Normal Dead at 61 y, au- 


* EEG indicates electroencephalo 


Niemann-Pick disease. 


tosis, family history 
of senile dementia, 
computed tomo- 

graphic scan show- 
ing normal caudate 


topsy showed 
Huntington's dis- 
ease, grade Il/IV 


gram; CJD, Creutzfeldt-Jakob disease; AD, Alzheimer's disease; and N-P, 


postoperative complications, are - 
marized in Table 1 for all 14 patiénts. 
heir biopsy findings are summarized in 
Table 2. 

The ages of this unselected group of 
14 patients who underwent cerebral bi- 
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opsies for dementia ranged from 32 to 78 
years (mean, 51.6 years). There were 
seven men and seven women. Duration 
of symptoms ranged from 1 month to 6 
years (mean, 2.3 years). No differences 
were noted between the group with di- 


agnostic biopsies (cases 1 through 7) and 
the group with nondiagnostic biopsies 
(cases 8 through 14) with regard to age 
at the time of biopsy or duration of 
symptoms. However, five of seven pa- 
tients in the nondiagnostic group had 
hemiparesis, chorea, athetosis, or lower 
motor neuron signs. None of these find- 
ings was present in the patients with 
diagnostic biopsies. Visual distur- 
bances, abnormal eye movements, and 
ataxia were present in four of seven 
cases with diagnostic biopsies but were 
absent in the group with nondiagnostic 
biopsies. 

In this series of 14 patients, two expe- 
rienced postoperative complications, 
one of which was severe. Patient 2 de- 
veloped an intraparenchymal parietal 
cortex hemorrhage and was mute after 
biopsy. Patient 9 developed a subdural 
hygroma that was treated uneventfully. 

Eight patients died 1 month to 9 years 
after biopsy. An autopsy was per- 
formed in five of these eight patients. 
One of these patients (patient 4) had a 
firm diagnosis of presenile AD on biop- 
sy, which was confirmed at autopsy. Pa- 
tient 3 had a biopsy diagnosis of CJD, 
which was also confirmed at autopsy. 
Two patients with only white-matter 
gliosis diagnosed at biopsy had autopsy 
diagnoses of amyotrophic lateral sclero- 
sis with dementia (patient 8) and CJD 
(patient 9). One patient in whom a biop- 
sy specimen appeared to be normal had 
Huntington's disease identified at au- 
topsy (patient 14). At the time of this 
writing, four patients are still alive, two 
are in clinically stable condition 1 to 2 
years after biopsy, and two are severely 
demented 2 to 3 years after biopsy. Two 
patients (one with a definite and one 
with a possible diagnosis of CJD) have 
been unavailable for follow-up. 


COMMENT 


Our study of patients presenting with 
atypical dementia reaffirms the diag- 
nostic utility of cerebral biopsy. In se- 
lected cases, cerebral biopsy results ina 
high yield of definitive diagnostic infor- 
mation. A wide variety of disorders may 
be encountered, including CJD, AD, 
diffuse Lewy body disease, and storage 
disorders, such as Niemann-Pick dis- 
ease.” The diagnosis of Niemann-Pick 
disease type C was confirmed by assay 
of cholesterol esterification in cultured 
fibroblasts’ with markedly abnormal 
results in one patient, who was de- 
scribed in detail elsewhere.” 

One example of an unsuspected ana- 
plastic astrocytoma (case 7) was also 
encountered. This case was unusual in 
light of currently used sensitive imag- 
ing techniques. This patient may have 
been suffering from gliomatosis cerebri. 
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with documented dementia. (2) All oth- 
er possible diagnostic methods have al- 
ready been tried and have failed to pro- 
vide sufficient diagnostic certainty. 
(3) The general condition of the patient 


Neuritic 
Spongi- Plaques White- 
form per X10 Matter 
Change Field Tangles Gliosis 
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Biopsy 


Tissue 
Examined 


Type of 


Case Biopsy Other 
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* Plus sign indicates present; zero, absent; and plus/minus sign, questionably present. 


Positron emission tomography showed 
multiple areas of increased uptake, 
even though the magnetic resonance 
image was nondiagnostic and showed 
only subtle increased signal intensity on 
review. Bilateral temporal lobe needle 
biopsies yielded abnormal findings. Bi- 
opsy of the right side showed only reac- 
tive gliosis, which may have been adja- 
cent to tumor. Biopsy of the left side, 
performed 3 days later, was diagnostic 
for anaplastic astrocytoma. Unfortu- 
nately, permission for an autopsy was 
refused, and complete evaluation of the 
underlying pathologic process thus 
must remain speculative. 

The high incidence of definite and 
probable CJD in our series indicates 
that it is imperative that appropriate 
precautions are taken to prevent the 
transmission of disease to health care 
workers when biopsy tissue from pa- 
tients with dementia is handled.“ 

At our institution, cerebral biopsy for 
the diagnosis of dementia is reserved for 
patients with an unusual clinical course 
or symptoms that cannot be diagnosed 
with sufficient certainty by other 
means. In most instances, cerebral bi- 
opsy is unnecessary and is clearly not a 
procedure to be proposed for routine 
diagnostic evaluation. In all cases, ex- 
tensive clinical, metabolic, neuropsy- 
chological, and radiologic evaluations 
must be performed before cerebral bi- 
opsy is considered. In addition, preop- 
erative consultations among neurolo- 
gists, neurosurgeons, neuroradiol- 
ogists, and neuropathologists are 
necessary to ascertain the optimal biop- 
sy site given the clinical data to ensure 
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that maximal information is derived 
from the biopsy tissue. 

An optimal biopsy specimen is one 
that is taken from an affected area, han- 
dled to eliminate artifact, and large 
enough to include both gray and white 
matter. Open biopsy is generally pre- 
ferred because it is performed under 
direct visualization and does not distort 
the architecture of the cerebral cortex. 
This method also provides sufficient tis- 
sue (approximately 1 em’) to perform 
the required histologic procedures. 

Some physicians question the utility 
of diagnostic cerebral biopsies in de- 
mentia, stating that the procedure is 
unlikely to help the patient. While it is 
frequently true that the diagnoses made 
are untreatable with currently available 
therapeutic modalities, this is by no 
means universally true. Kaufman and 
Catalano” noted that cerebral biopsy 
has revealed specific treatable illnesses, 
such as meningoencephalitis and multi- 
ple sclerosis. Our patient with anaplas- 
tic astrocytoma (patient 7) underwent 
radiation therapy, although she quickly 
died of her disease. Furthermore, when 
a definitive diagnosis can be made, even 
of incurable illnesses, such as CJD and 
AD, it is often possible to give an in- 
formed prognosis to the family and to 
help them plan for the future. 

The formulation of indications for di- 
agnostic cerebral biopsy raises difficult 
and complex issues. In 1986, Blemond” 
addressed the clinical indications and 
the legal and moral aspects of cerebral 
biopsy, and his recommendations re- 
main valid today: (1) The patient has a 
chronic progressive cerebral disorder 


permits cerebral biopsy. (4) Several 
specialists are in agreement regarding 
the indication. (5) Informed consent is 
obtained from relatives. (6) Modern di- 
agnostic tools, such as immunocytoche- 
mistry and electron microscopy, are 
used to the fullest capacity in the exami- 
nation of the material obtained. 

As with any intracranial surgical pro- 
cedure involving the cerebral cortex, 
the risks of cerebral biopsy include an- 
esthetic complications, hemorrhage, in- 
fections, and seizures. Guthkelch” stat- 
ed that the mortality associated with 
brain biopsy is not greater than that 
associated with general anesthesia. Ce- 
rebral biopsy, however, can result in 
substantial morbidity. In our series, 
two of 14 patients suffered operative 
complications. Intraparenchymal hem- 
orrhage in one patient (patient 2) result- 
ed in aphasia, while another patient (pa- 
tient 10) developed a subdural 
hygroma, which was successfully treat- 
ed, and recovered her baseline status. 

The current diagnostic accuracy of ce- 
rebral biopsy in the evaluation of de- 
mentia is unknown. Most of the larger 
general series” were reported before 
computed tomography was available 
and included many pediatric cases pre- 
senting with genetic neurodegenerative 
disorders that are now more readily di- 
agnosed by other means. For adults 
with dementia, less information is avail- 
able. Katzman et al‘ recently reviewed 
the literature concerning the diagnostic 
accuracy of cerebral biopsy for demen- 
tia and concluded that 75% of these pro- 
cedures result in diagnostic material. 
Patient selection is very important, and 
the literature is heavily weighted to- 
ward patients with a clinical diagnosis of 
AD.” Our study thus provides docu- 
mentation of the diagnostic accuracy of 
cerebral biopsies in unselected patients 
with atypical dementia. 

Autopsy follow-up is imperative in 
any dementia program,’ as a definitive 
diagnosis will not be made in a substan- 
tial proportion of patients. In our series, 
three patients died without a diagnosis, 
and autopsy was performed in all three. 
The diagnostic features were not pre- 
sent in the cortical area in which the 
biopsy was performed. In case 8, exami- 
nation of the spinal cord revealed amyo- 
trophic lateral sclerosis. Diffuse gliosis 
of the white matter was noted, which 


Ke 


was the pathologic basis of the a \ 


dementia. In case 9, the spongiform | 
change of CJD was focal, according to 
the pathologist’s report; unfortunately, 


Cerebral Biopsies in Dementia—Hulette et al 


the tissue was not available for our re- 
view. In case 14, the diagnosis of Hun- 
tington’s disease grade II/IV was made 
after close examination of the caudate 
nucleus. As one might predict, fewer 
autopsies were performed in the group 
with diagnostic biopsies; only two of five 
deaths in this category were followed by 
postmortem examinations. The diagno- 
sis of AD was confirmed in case 4. In 
case 3, the biopsy diagnosis of CJD was 
confirmed. 

In summary, a series of 14 unselected 
cerebral biopsies performed for the di- 
agnosis of atypical dementia was re- 
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Immediate and Delayed Prose Recall 
Among Normal and Demented Adults 


Susan Robinson-Whelen, MA, Martha Storandt, PhD 


e The Logical Memory subtest of the 
Wechsler Memory Scale (Form |) was admin- 
istered as part of a battery of tests to 64 
subjects without dementia and 51 with very 
mild dementia. The demented group's imme- 
diate and delayed recall was significantly im- 
paired relative to the control group. Immedi- 
ate and delayed scores were highly 
correlated in both groups. Hierarchical multi- 
ple-regression analyses revealed that de- 
mentia classification did not significantly 
predict delayed recall performance above 
and beyond immediate recall performance. 
This suggests that, in its early stages, de- 
mentia primarily affects the encoding of 
prose material. 

(Arch Neurol. 1992;49:32-34) 


D uring the past decade there has been 
a fair amount of research on rates 
of forgetting among patients with Alz- 
heimer’s disease and normal elderly 
adults. Becker et al’ and Butters et al? 
compared the ability of demented and 
nondemented persons to recall prose 
material both immediately after presen- 
tation and after a delay. Although these 
researchers methods of assessment 
were quite similar, their methods of 
analysis were different. These differ- 
ences may have contributed to their dis- 
crepant conclusions and the uncertain 
answers to the questions they sought to 
address. 

Becker et al assessed forgetting rates 
of verbal material by using a “story re- 
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tell” task similar to the Wechsler Memo- 
ry Scale (WMS) Logical Memory sub- 
test but having fewer scorable bits of 
information. They assessed recall im- 
mediately after story presentation and 
again after a half-hour delay. They de- 
fined the rate of forgetting as the imme- 
diate recall score minus the delayed re- 
call score. Becker et al reported that the 
rate of forgetting was not significantly 
different for the group with Alzheimer’s 
disease and the normal control group. 
Their demented subjects, however, re- 
called so little information at both imme- 
diate (mean, 2.69) and delayed (mean, 
1.20) recall that their findings may have 
resulted from a floor effect. They did 
repeat their analysis on only those sub- 
jects who did not score in the extremes 
and reached the same conclusion. 

Butters et al used the WMS-Revised 
Logical Memory subtest to examine 
group differences in forgetting. Rather 
than using difference scores, they used 
percentage retained scores (delayed re- 
call divided by immediate recall). Un- 
like Becker et al, they found that the 
patients with Alzheimer’s disease for- 
got verbal information more quickly 
than the control group. 

Finally, Kopelman’ reported descrip- 
tive data on his samples, including their 
mean immediate recall, delayed recall, 
and percentage retained scores from 
the WMS Logical Memory subscale. He 
reported that the normal group re- 
tained 82%, whereas the demented 
group retained only 9% of their immedi- 
ate recall after a 30-minute delay. 

There are serious flaws in the statisti- 
cal methods used in these studies to ana- 
lyze change in performance before and 
after the delay. As described by Cohen 


and Cohen,‘ a fundamental problem 
with change scores is that they are cor- 
related with and dependent on initial 
scores. This fundamental problem also 
applies to ratio scores such as percent- 
ages. Cohen and Cohen suggest that 
researchers use instead a multiple-re- 
gression strategy to partial out the ef- 
fect of initial score on final score and 
then conduct further analyses on the 
partialled postscore variable. 

In the present study, we tried to ad- 
dress the inconsistencies reported by 
Becker et al and Butters et al. To avoid 
some of the problems of difference 
scores and percentage retained scores 
highlighted by Cohen and Cohen, multi- 
ple-regression analyses were used to 
partial out the effect of initial recall per- 
formance on information recalled after 
the half-hour delay. In an attempt to 
avoid a floor effect, this study examined 
prose recall using only very mildly de- 
mented subjects and normal controls. A 
further advantage of this study is that 
the sample has been well characterized. 
The reliability and validity of dementia 
severity rating by this research group 
has been good.”” 


SUBJECTS AND METHODS 
Sample 

Two groups of subjects from the Washing- 
ton University Alzheimer’s Disease Re- 
search Center (St Louis, Mo) patient regis- 
try were identified for this study. The 
procedures used in recruitment for this pro- 
ject have been detailed elsewhere.’ Both 
healthy and demented subjects were recruit- 
ed from the community. Subjects suffering 
from disorders or conditions other than E 
mentia that might cause cognitive imp irb 
ment (eg, depression, stroke, severe hyper- 
tension, and overmedication) were excluded 
from the study. 
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People participating in the project were 
evaluated for evidence of dementia by board- 
certified physicians in a 90-minute semi- 
structured clinical interview, part with the 
subject and part with a collateral source. 
Physicians also used the Washington Uni- 
versity Clinical Dementia Rating (CDR)*’ to 
assess the stage of dementia (none, CDR of 0; 
questionable, CDR of 0.5; mild, CDR of 1; 
moderate, CDR of 2; and severe, CDR of 3). 
The procedures used in diagnosis and assign- 
ment of CDR have been presented in greater 
detail elsewhere.’ Examination of cases that 
have come to autopsy has demonstrated ex- 
cellent reliability of the CDR and validity of 
diagnosis by this research group.""” As of 
June 1, 1991, a diagnosis of Alzheimer’s dis- 
ease has been confirmed in 84 of the 87 per- 
sons examined at autopsy by the neuropatho- 
logy core of our center. 

The label “questionable dementia” has 
been used for those subjects thought to have 
very mild dementia until longitudinal studies 
of the course of the disease and autopsy con- 
firmation assure the research group that 
they do actually have Alzheimer’s disease. 
Following up these patients longitudinally 
has revealed that most do show progressive 
dementia of the Alzheimer’s type; therefore, 
we will refer to those who received a rating of 
questionable dementia (CDR, 0.5) as very 
mildly demented," 

The nondemented group consisted of 64 
people (15 men and 49 women) with no de- 
mentia (CDR, 0). The very mildly demented 
group (CDR, 0.5) included 51 people (25 men 
and 26 women). As shown in Table 1, the two 
groups did not differ significantly in age 
(¢(113]= — 0.24). The mean (+SD) age for 
the nondemented group was 72.54+11.6 
years (range, 53 to 96 years); the mean age 
for the very mildly demented group was 
73.02 + 9.6 years (range, 51 to 95 years). The 
nondemented group had more years of edu- 
cation (t{113]=2.4, P<.05) and better socio- 
economic status (¢[113]= —2.4, P<.05) on 
the Hollingshead Index,” an index ranging 
from 1 (higher status) to 5 (lower status). All 
participants were healthy, community-resid- 
ing adults at the time of testing. Although 
not by design, they were also all white. 


Procedures 


All participants were administered a 1.5- 
to 2-hour battery of tests assessing a range of 
psychological functions. The psychometri- 
cians administering the battery were un- 
aware of the participants’ dementia rating. 
Information from the psychometric test bat- 
tery was not available to the physicians who 
made the diagnosis and assigned the CDR. 

The Logical Memory subtest of the WMS" 
(Form I) was included in the test battery to 
assess prose recall. The instructions and 
scoring were similar to Wechsler’s, but as 
suggested by Russell,” a delayed (30-min- 
ute) recall condition was used as well as the 
immediate recall condition. Early in the test 
battery, subjects were read Memory Selec- 
tion A from the WMS (Form I). They were 

„then immediately asked to recall all that they 
could from the story just read to them. Their 
reproductions of the story were recorded on 
audiocassette for accurate scoring of their 
verbatim responses. This same procedure 
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was then repeated for Memory Selection B. 
A half hour after the first story was present- 
ed, participants were again asked to recall all 
that they could from the stories read to them. 
Subjects were unaware that they would be 
asked to recall the stories later in the testing 
session. As modeled in Russells adminis- 
tration, if participants were unable to re- 
member anything about a story, they were 
given one cue indicating the subject of the 
story. The testers scored the responses ac- 
cording to the instructions in the WMS man- 
ual, 

Data from the psychometric battery were 
collected over an 11-year period, with many 
subjects followed up longitudinally. Earlier 
reports on this battery of tests did not in- 
clude the Delayed Logical Memory because 
this measure was not added to the battery 
until 1984. To avoid practice effects, only 
subjects completing both the immediate and 
delayed conditions of the Logical Memory 
task at their first time of testing were used in 
this analysis. Psychometric data were col- 
lected from subjects across all CDR levels 
(no dementia to severe dementia). Because 
demented subjects perform at floor on this 
task at fairly early stages of dementia, this 
study only reports data from persons classi- 
fied as nondemented (CDR, 0) or very mildly 
demented (CDR, 0.5). 


RESULTS 


As shown in Table 1, the nondement- 
ed group recalled significantly more in- 
formation than the very mildly dement- 
ed group in both the immediate 
(¢(113]=8.32, P<.001) and the delayed 
conditions (¢{113]=7.54, P<.001). Im- 
mediate and delayed recall were highly 
correlated in both the nondemented 
(r=.85) and the very mildly demented 
(r=.78) groups. 

To examine whether or not dementia 
classification affected the change in re- 
call performance over time, hierarchical 
multiple-regression analyses were per- 
formed. First, the proportion of the 
variance of the delayed score that could 
be accounted for by the immediate recall 
score was removed from the dependent 
variable (delayed recall score), As 
shown in Table 2, the immediate recall 
score was entered first in the model, 
leaving a residual delayed score. Be- 
cause the two groups differed with re- 
spect to age, socioeconomic status, and 
education, these variables were entered 
in the model to control for these differ- 
ences statistically. As shown in Table 2, 
dementia classification failed to account 
for a significant proportion of the vari- 
ance in the delayed score above and be- 
yond immediate recall, age, socioeco- 
nomic status, and education (R? change, 
.0038). 

Although we tried to avoid a floor 
effect by only including normal and very 
mildly demented subjects in the analy- 
sis, the demented group performed 
very poorly on delayed recall 







Table 1.—Age, Education, 
Socioeconomic Status, and Recall 
Scores for Nondemented and Very 
Mildly Demented Groups* 











Non- Very Mildly 
demented Demented 
(n = 64) (n= 51) t 
72.54+ 11.6 73.02+9.6 —0.24 












Age, y 
Education, 
y 14.48+3.0 
Socio- 
economic 
status 
Recall score 
Immediate 8.52+2.7 
Delayed 5§.90+3.1 






12.98+3.8 2.35ł 






2.58+1.0 3.02+0.9 —2.40ł 








4.46424 8.32+¢ 
1.84+25 7.544 









“Values are mean + SD. 
tP < .05. 
P < .001. 





Table 2.—Hierarchical Regression 
Analyses of Delayed Memory 
Performance for Total Sample 
(N = 115) 











Incremental 
Variables Fe R F* 
























Immediate 

recall 7765 -7665 370.97+ 
Age 7757 -0092 4.594 
Socioeconomic 

status and 

education -7770 -0013 0.64 
Dementia 

rating -7808 -0038 1.89 
*F value of the incremental R°. 
tP < .001. 
P< .05. 


(1.84+2.5). Twenty-three (45%) very 
mildly demented people could not recall 
any information from the stories after 
the 30-minute delay. In an attempt to 
address this floor effect, a median split 
of both the nondemented and the very 
mildly demented groups was used to 
create a sample of people who scored in 
the top half of their respective groupson 
delayed recall. Using these subsamples, 
dementia rating again failed to contrib- 
ute significantly to delayed memory 
performance when entered in a hierar- 
chical regression equation after imme- 
diate recall (R? change, .0078). 

We conducted a discriminant function 
analysis using the three variables (Logi- 
cal Memory, Boston Naming Test, and 
Wechsler Adult Intelligence Scale Digit 
Symbol) recommended by Storandt and 
Hill,” substituting Logical Memory de- 
layed recall for immediate recall. Sub- 
stitution of the delayed recall measure 
did not improve the classification of peo- 
ple in this study (16% misclassified us- 
ing immediate recall, 23% using delayed 
recall). This is not surprising given that 
immediate and delayed recall scores 
were highly correlated in both the very 
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mildly demented and nondemented 
samples. 

Age was negatively correlated with 
both immediate recall (r= —.19, 
P<.05) and delayed recall (r= —.26, 
P<.01) in this sample of nondemented 
and very mildly demented subjects. The 
magnitude of these correlations, how- 
ever, was very modest. Age also had a 
modest influence on memory perfor- 
mance over time. When entered in the 
hierarchical multiple-regression analy- 
sis, age accounted for a small but signifi- 
cant proportion of the variance in de- 
layed recall above and beyond 
immediate recall (R? change, .0092, 
F=4.59, df=1,112, P<.05; Table 2). A 
nonsignificant interaction effect of age 
and dementia rating (R* change, .0002) 
demonstrated that age did not have a 
differential impact on memory perfor- 
mance over time for the two groups. 
Socioeconomic status and education did 
not contribute significantly to the model 
(F? change, .0013). 


COMMENT 


Very mildly demented subjects re- 
called significantly less information 
than nondemented adults both in the 
immediate and the half-hour delayed 
conditions of the WMS Logical Memory 
subtest. When immediate recall was en- 
tered first in a regression equation, de- 
mentia rating failed to contribute signif- 
icantly to the amount of information 
retained after a half-hour delay. This 
suggests that the rate of information 
loss is no different in Alzheimer’s dis- 
ease compared with normal aging. 

The results of our study suggest that, 
in the early stages of Alzheimer’s dis- 
ease, the adverse effect on prose recall 
is primarily through the disruption of 
encoding processes. This encoding defi- 
cit has also been observed in studies 
examining the effect of manipulating 
encoding processes on the recall of ver- 
bal material in patients with Alz- 
heimer’s disease. Subjects with Alz- 
heimer’s disease failed to show a depth 
of processing effect when deep vs shal- 
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low encoding manipulations were 
used.” They did not demonstrate en- 
hanced recall for semantically related 
words compared with performance on 
random word lists.” Persons with Alz- 
heimer’s disease were also unable to im- 
prove performance with encoding in- 
structions alone (directing the subject 
to the categories contained in a word 
list). 

Our study examined the effect of de- 
mentia on recall of verbal passages. 
Several other studies have examined 
the recognition (not recall) of nonverbal 
(rather than verbal) material.” These 
studies differ from the present study in 
that they have equated initial learning 
by varying the duration of stimulus ex- 
posure, as modeled by Huppert and 
Piercy,” or by varying the frequency of 
exposure to the stimuli, or by doing 
both. Also, the delay periods were dif- 
ferent. In general, however, these stud- 
ies of recognition of nonverbal stimuli 
also conclude that, after an acquisition 
and consolidation period, subjects with 
Alzheimer’s disease lose information at 
essentially a normal rate. 
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Transient Unresponsiveness in the Elderly 


Report of Five Cases 


Itzhak C. Haimovic, MD, H. Richard Beresford, MD 


è Five hospitalized elderly patients had 
one or more self-limited episodes of unre- 
sponsiveness that could not be explained by 
metabolic, structural, convulsive, or psychi- 
atric disorders. They accounted for approxi- 
mately 2% of cases referred to us for evalua- 
tion of coma. Despite some heterogeneity, 
shared clinical features in these patients 
suggest an age-related disorder of arousal 
that may be more common than is generally 
appreciated. 

(Arch Neurol. 1992;49:35-37) 


nresponsiveness to external stimuli 
ordinarily implies depression of 
the brain-stem reticular activating sys- 
tem or severe and diffuse impairment of 
cerebral functions.’ Accordingly, when 
clinicians cannot arouse a patient, they 
have grounds to suspect a major neuro- 
logic insult and to perform extensive 
diagnostic testing. To illustrate a be- 
nign form of unresponsiveness, herein 
we describe five hospitalized elderly pa- 
tients who had one or more transient 
episodes of unresponsiveness that could 
not be explained by metabolic, structur- 
al, convulsive, or psychiatric causes. 
During the period of this study, we ex- 
amined a total of almost 250 hospitalized 
adults referred for evaluation of coma. 
The patients described herein thus rep- 
resent almost 2% of our consultations 
for patients believed to be comatose. 
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REPORT OF CASES 


CASE 1.—A 76-year-old man was hospital- 
ized for increasing instability of gait during a 
4-day period. On admission, he was alert and 
fluent and had slight impairment of recent 
recall. His gait was ataxic, and he had incoor- 
dination of right limbs, hyperactive deep ten- 
don reflexes, and a right-sided extensor plan- 
tar response. Brain computed tomography 
(CT) showed multiple cortical and subcorti- 
cal lucencies suggesting ischemic infarcts. 
On the seventh hospital day, he was found to 
be unresponsive to verbal and noxious stimu- 
li, except for minimal withdrawal of limbs 
after forceful pinching of skin or squeezing of 
the Achilles tendons. He remained in this 
state for 30 minutes, during which his eyes 
were often open. Pupillary, corneal, and ocu- 
locephalic reflexes were intact, and Cheyne- 
Stokes breathing occurred. The response to 
ice-water caloric stimulation was tonic devi- 
ation of the eyes to the stimulated side with 
contralateral nystagmus. Similar episodes 
occurred eight more times between days 12 
and 35 of hospitalization, with each episode 
lasting 10 to 180 minutes. During one epi- 
sode, electroencephalography (EEG) re- 
vealed diffuse low to medium voltage (6.5 to 
7.5 Hz) activity without sleep patterns, focal 
abnormalities, epileptiform activity, photic 
driving response, or reactivity to nociceptive 
stimulation (Fig 1, intraictal EEG). While 
the patient was responsive, EEG revealed 
similar background slowing (Fig 1, interictal 
EEG). During 24 hours of EEG monitoring, 
during which he suffered no episodes of unre- 
sponsiveness, normal stage I sleep patterns, 
rare spindles, and no stage III or IV sleep 
patterns were observed. He received no de- 
pressant or anticonvulsant drugs during the 
EEG studies. While he was unresponsive, a 
hemogram; automated multiple analysis sys- 
tem (SMA 20); arterial blood gas levels; re- 
sults of cerebrospinal fluid analysis; blood 
calcium, magnesium, and ammonia levels; 
results of thyroid function studies; and an 


electrocardiogram were normal. Brain mag- 
netic resonance imaging revealed mild cere- 
bral atrophy, a few T, hyperintense periven- 
tricular foci, and a normal brain stem. 
Therapy with carbamazepine and methyl- 
phenidate did not prevent these episodes. He 
had no history of psychosomatic complaints, 
and no disorders of affect or behavior were 
observed during or after hospitalization. 
During a 3-year follow-up period, his family 
reported no further episodes of 
unresponsiveness. 

CASE 2. — A 72-year-old woman was hospi- 
talized because of unresponsiveness. Twelve 
hours after discharge from the hospital fol- 
lowing bowel surgery, her daughter found 
her unresponsive to questions or other stim- 
ulation. She had suffered a left-sided cere- 
bral infarct 4 years previously but had no 
residual symptoms. On admission, she did 
not respond to verbal or auditory stimuli, and 
her only response to noxious stimulation was 
slight nonpatterned movement of limbs. Pu- 
pillary, corneal, and oculocephalic reflexes 
were intact, and breathing was normal. 
Brain CT revealed an old left-sided cerebral 
infarct. Results of routine laboratory studies 
and arterial blood gas levels were normal. 
Unresponsiveness persisted for 5 hours, af- 
ter which she became alert and exhibited no 
new neurologic signs. She was observed 
without treatment, and, during a 5-day hos- 
pitalization, she suffered no further episodes 
of unresponsiveness. Electroencephalogra- 
phy on the third hospital day revealed sym- 
metrical 6- to 7-Hz background slowing with- 
out focal features or epileptiform activity. 
After discharge, she received a brief trial of 
phenytoin therapy but suffered no further 
episodes of unresponsiveness during a period 
of 15 months after phenytoin therapy was 
discontinued. 

CASE 3.—An 88-year-old woman was hos- 
pitalized for confusion and hypercalcemia. 
During a 26-day hospitalization and at times 
when blood glucose, electrolyte, and calcium 
levels were normal, she experienced six epi- 
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Fig 1.—Electrocencephalogram of a 76-year-old man (case 1) showing diffuse background slowing during unarousability 


(intraictal) and later while he was awake (interictal). 


Fig 2.—Electrocencephalogram of an 88-year-old woman (case 3) showing diffuse background slowing during unarousability 


(intraictal) and later while awake (interictal). 
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Case No./ Episodes / Examination 
Age, y/ Reason for Duration, Background CT/MRI During 
Sex Hospitalization min EEG Findings Outcome Unarousability 
1/76/M__ Cerebellar 9/10-180 6.5-7.5 Hz Multiple NR at 36 CSB, 
infarction intraictal, cortical and mo oc, 
interictal subcortical Ov 
(Fig 1) lucencies 
2/72/F Unarousability 1/300 6.5-7.5 Old left-sided NR at 15 Noxious 
Hz cerebral mo stimuli 
infarct induced 
limbs 
movements 
3/88/F Hypercalcemia 6/10-240 6.5-7.5 Hz, Mild atrophy of NR at 48 oc, 
intraictal, brain stem and mo OV, 
interictal cerebellum CP 
(Fig 2) 

4/78/F Pneumonia 6/20-40 6.5-7 Hz Normal Died of OC, increased 
respiratory eyelid tone 
arrest 

5/75/M CHF 1/60 6-7 Hz Mild atrophy, NR at 17 CSB, 

periventricular mo oc, 
lucencies cP 










* EEG indicates electroencephalogram; CT, computed tomographic; MRI, magnetic resonance imaging; NR, 


no recurrences; CSB, Cheyne-Stokes breathing; OC, oculocephalic reflexes; OV, nystagmus induced with ice- 
water energy stimulation; CP, catatonic posturing; and CHF, congestive heart failure. 


sodes of unresponsiveness to verbal or nox- 
ious stimuli, each lasting 10 to 240 minutes. 
When unresponsive, eyelid tone was in- 
creased and limbs exhibited “waxy flexibili- 
ty,” but breathing was normal and pupillary, 
corneal, and oculovestibular reflexes were 
intact. After ice-water energy stimulation, 
she exhibited ipsilateral tonic ocular devi- 
ation and contralateral jerk nystagmus. 
Brain CT revealed mild atrophy of the brain 
stem and cerebellum. Arterial blood gas lev- 
els and a carotid angiogram were normal. 
While she was unresponsive and receiving no 
depressant or anticonvulsant drugs, EEG 
revealed diffuse low-voltage (6.5 to 7.5 Hz) 
activity without epileptiform features, pho- 
tic driving response, or reactivity to nocicep- 
tive stimuli. During wakefulness, the EEG 
was unchanged (Fig 2). Subsequent treat- 
ment with intravenous heparin, warfarin, 
and phenytoin did not prevent additional epi- 
sodes during hospitalization. A neurologic 
examination at discharge yielded normal 
findings, except for mild confusion, and no. 
further episodes occurred during the subse- 
quent 48 months. 

CASE 4.—A 78-year-old woman was hospi- 
talized for pneumonia. Her past history was 
notable only for hypothyroidism and type II 
diabetes. During a long hospitalization, she 
suffered six episodes of unresponsiveness, 
each lasting 20 to 40 minutes. During these 
episodes, she was unresponsive to verbal or 
noxious stimuli; had increased eyelid tone; 
was breathing normally; had intact pupil- 
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lary, corneal, and oculocephalic responses; 
and exhibited ipsilateral tonic ocular devi- 
ation after ice-water caloric stimulation. 
Blood glucose, electrolyte, and arterial blood 
gas levels were normal while she was unre- 
sponsive. Brain CT yielded normal findings, 
and waking EEG performed while the pa- 
tient was receiving no depressant or anticon- 
vulsant drugs revealed generalized 6.5- to 7- 
Hz slowing. Following her sudden death on 
the 49th hospital day, autopsy revealed ex- 
tensive bronchopneumonia but no cerebral 
or brain-stem lesions. 

CASE 5.—A 75-year-old man was hospital- 
ized for congestive heart failure. His past 
history included hypertension, angina, 
chronic atrial fibrillation, and mild dementia. 
On the fifth hospital day, he was largely un- 
responsive for 60 minutes. He appeared to be 
awake, blinked in response to visual stimuli, 
infrequently grimaced in response to noxious 
stimuli, and did not respond to verbal stimu- 
li. Pupillary, corneal, and oculovestibular re- 
flexes were intact, but limbs were flaccid and 
immobile. Brain CT revealed mild cerebral 
atrophy with small periventricular lucencies. 
Electroencephalography performed while 
the patient was awake and while he was re- 
ceiving no depressant or anticonvulsant 
drugs revealed diffuse 6- to 7-Hz slowing. He 
suffered no further episodes of unrespon- 
siveness during the remainder of his hospi- 
talization or for 16 months after discharge. 

Three patients suffered six to nine epi- 
sodes of unresponsiveness lasting 10 to 240 


minutes each, and two patients each had a 
single episode lasting 60 and 300 minutes, 
During episodes of unresponsiveness, four 
patients exhibited intact oculocephalic re- 
sponses, two exhibited nystagmus after ice- 
water energy stimulation, two exhibited 
catatonic posturing, two exhibited Cheyne- 
Stokes breathing, two had increased eyelid 
tone, and two exhibited diffuse slowing in the 
theta range noted during EEG. None re- 
sponded to therapy with anticonvulsant 
drugs, and all spontaneously awakened, at 
which time they were alert and had no new 
neurologic signs. Intraictal and interictal 
EEGs displayed no epileptiform activity, 
and brain imaging studies revealed no brain- 
stem or other lesions that could explain the 
unresponsiveness. In one case, in which for- 
mal psychiatrie consultation was obtained 
(case 4), no psychiatric disorder was identi- 
fied, and none of the others exhibited psychi- 
atric symptoms. The four surviving patients 
were followed up for 15 to 48 months after 
hospitalization, and no recurrences were re- 
ported. For a summary of the five cases pre- 
sented herein, see the Table. 


COMMENT 


There is no satisfactory explanation 
for these episodes of unresponsiveness. 
The patients were all elderly and had 
systemic illnesses, but full evaluation 
failed to identify a neurologic or other 
disorder that would explain the ob- 
served unresponsiveness. No patient 
was receiving depressant drugs, and 
none had previously experienced con- 
version reactions, exhibited psychiatric 
symptoms near the time when the epi- 
sodes occurred, or developed psychiat- 
ric disorders during up to 48 months of 
follow-up. Our speculations about cau- 
sation included diffuse cerebral isch- 
emia, atypical generalized seizures, and 
a form of a sleep disorder. Lacking sub- 
stantiation for these or other patho- 
physiologic mechanisms, we are left 
with the hypothesis that these perplex- 
ing episodes are a benign form of unre- 
sponsiveness that occurs in the elderly 
and has a favorable prognosis. Our ex- 
perience suggests that such episodes 
may be more common than is generally 
appreciated. 


We are grateful to Jerome B. Posner, MD, for his 
thoughtful and helpful comments. 


Reference 


1. Plum F, Posner JB. The Diagnosis of Stupor and 
Coma. 3rd ed. Philadelphia, Pa: FA Davis Co Pub- 
lishers; 1980:11. 


Transient Unresponsiveness—Haimovic & Beresford 37 


ey Pek ia ie 


A Prospective Controlled Study of Magnetic Resonance 
Imaging of the Brain in Gay Men and Parenteral Drug 
Users With Human Immunodeficiency Virus Infection 
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e To detect the earliest structural changes 
in the brain in human immunodeficiency vi- 
rus (HIV) infection, 118 gay men and 115 par- 
enteral drug users enrolled in a study of the 
natural history of HIV infection underwent 
magnetic resonance imaging evaluations. 
Routine T,-weighted and heavily T,-weighted 
scans for quantification of brain water were 
obtained, blinded to HIV serostatus. Atrophy 
and foci of increased signal did not correlate 
with any medical, immunologic, neurologic, 
or neuropsychologic parameters in the 
group as a whole, or in the gay men or paren- 
teral drug user subgroups. Three subjects 
had progressive multifocal leukoencephalo- 
pathy and one had central nervous system 
lymphoma. In a subgroup in whom intracra- 
nial water percent was calculated, correia- 
tions were found with CD4 counts and 
CD4/CD8 ratios. We conclude that standard 
magnetic resonance imaging of the brain 
does not differentiate asymptomatic and 
mildly symptomatic HIV-positive individuals 
from HIV-negative individuals, regardless of 
risk group. However, intracranial water per- 
cent may distinguish HIV-positive from HIV- 
negative individuals because it correlates 
with raw CD4 counts and CD4/CD8 ratios. 

(Arch Neurol. 1992;49:38-43) 


M agnetic resonance imaging (MRI) of 
the brain in patients with acquired 
immunodeficiency syndrome (AIDS) 
with neurologic signs or symptoms has 
demonstrated atrophy, white matter 
changes, and mass lesions."’ Clinical 
progression and abnormalities on sub- 
sequent scans have been predicted by 
brain atrophy noted on computed tomo- 
graphic scans of patients with AIDS.’ 
We developed a quantitative measure of 
atrophy in MRI in an attempt to detect 
the earliest structural change in the hu- 
man immunodeficiency virus (HIV)-in- 
fected brain and its relationship to medi- 
cal, neurologic, and neuropsychologic 
manifestations of HIV disease. 
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SUBJECTS AND METHODS 
Subjects 


Subjects being followed up in a prospective 
study of the natural history of HIV infection 
that began in March 1988 (the follow-up 
study) were recruited to participate in an 
MRI study that began in September 1989. 
The original study group consisted of volun- 
teers from gay men’s organizations, an infec- 
tious disease clinic, and a methadone mainte- 
nance clinic and were solicited through 
newspaper advertisements and by word of 
mouth. 

Inclusion criteria for the larger follow-up 
study from which our subjects were recruit- 
ed were as follows: (1) age between 18 and 60 
years, (2) gay or bisexual man without self- 
administration of parenteral drugs more 
than 10 times since 1982 (gay men cohort) or 
history of parenteral drug use at least 10 
times since 1982 (parenteral drug user 
[PDU] cohort), (3) prior knowledge of HIV 
status, and (4) proficiency in English. 

Exclusion criteria were as follows: (1) the 
Centers for Disease Control National Sur- 
veillance Criteria for AIDS at the time of 
enrollment, with the exception of AIDS de- 
mentia and esophageal candidiasis; (2) pres- 
ence of an encephalopathy unrelated to HIV 
infection (eg, posttraumatic dementia), and 
(3) presence of a chronic neurologic disorder 
antedating HIV infection (eg, epilepsy re- 
quiring continuing therapy). 

Three hundred eighty-two subjects were 
in the follow-up study at the beginning of the 
MRI study. Two hundred thirty-seven were 
scanned between September 1989 and Au- 
gust 1990. Of the remaining 145 subjects, 56 
refused the test, 32 were unable to undergo 
the procedure because of claustrophobia, 10 
were incarcerated, nine died, eight dropped 
out of the study, seven were excluded be- 
cause of metal implants, four could not be 
scanned because of machine breakdown or 
maintenance, four had inadequate or incom- 
plete scans, and 15 subjects could not be 
located. 

The biannual assessments in the follow-up 
study have been described in detail else- 
where’ and are summarized below. 


Medical Evaluation 


Medical evaluation included complete 
blood cell count, CD4 and CD8 counts, and a 
physical examination performed by a physi- 
cian “blind” to the subject’s HIV status. Re- 
view of these data allowed the classification 
of each subject as HIV-negative, HIV-posi- 
tive asymptomatic, and HIV-positive with 
mild symptoms (primarily enlarged lymph 
nodes), with AIDS-related complex, or with 
AIDS. 


Neurologic Evaluation 


All neurologic evaluations were performed 
by neurologists blinded to HIV serostatus. 
Constellations of signs associated with the 
central and peripheral nervous system were 
assessed to rate impairment in nine catego- 
ries of neurologic function: mental (as as- 
sessed by a brief 19-item mental status test), 
visual (seotoma or diminished acuity), brain 
stem (nystagmus, extraocular muscle weak- 
ness, or dysarthria), pyramidal (deficient 
rapid alternating movements, paraparesis, 
or hemiparesis), extrapyramidal (rigidity, 
bradykinesia, or tremor), cerebellar (atax- 
ia), sensory (vibratory loss or stocking/glove 
neuropathy), bowel/bladder (urgency or in- 
continence), and peripheral nerve (weak- 
ness, pain, or sensory loss in an asymmetric 
distribution, excluding stocking/glove 
neuropathy). 

A summary score was calculated based on 
a modified version of the Kurtzke Disability 
Status Scale for Multiple Sclerosis” to reflect 
the overall degree of neurologic disability. 


Neuropsychologic Evaluation 


Neuropsychologie testing was also per- 
formed blinded to serostatus. All subjects 
underwent tests of general intelligence (a 
modified version of the Mini-Mental State 
examination”), abstract reasoning (the 
Wechsler Adult Intelligence Scale-Revised 
[WAIS-R] similarities subtest”), verbal and 
nonverbal memory (the Selective Reminding 
test and the Wechsler Memory Scale-Re- 
vised [WMS-R] visual reproduction sub- 
test”), language (the Boston Naming test,” 
the Controlled Oral Word Association test,” 
and the Sentence Repetition subtest of the 
Boston Diagnostic Aphasia Examination”), 
executive function (the Odd-Man-Out test” 
and the Trail Making test™), visuospatial 
ability (the WAIS-R Block Design subtest”, 
and attention (two cancellation tasks,” the 
WAIS-R Digit Symbol subtest,” and the 
WAIS-R Digit Span subtest”). In addition, 
the gay men underwent the conceptual levels 
and analogies test,” the Benton Visual Re- 
tention test,” the Stroop Color-Word test,” 
the Benton Line Orientation test,” a 24-item 
version of the Raven's Progressive Matri- 
ces,” and a 20-trial choice reaction time task. 

Performance on each test was compared 
with norms for age- and education-matched 
populations and then rated as normal, bor- 
derline (at least 1 SD below expected mean), 
or defective (at least 2 SDs below the expect- 
ed mean). A global performance rating 
(GPR) was derived to summarize overall. 
neuropsychologic performance with respeq 
to these norms. On this scale, a score of 0 was 
given for normal performance on all tests, a 
score of 1 for borderline performance in one 
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or more areas, a score of 2 for defective per- 
formance in one area, a score of 3 for defec- 
tive performance in two or more areas exclu- 
sive of memory, and a score of 4 for defective 
performance in memory and two or more 
other areas. 

A clinical impression of neuropsychologic 
performance (0, normal; 1, borderline; or 2, 
abnormal) was generated based on a consen- 
sus of opinion of two experienced neuropsy- 
chologists who reviewed the test scores inde- 
pendently and who were blinded to the 
serostatus. 


MRI 


Scans were performed on a 1.5-tesla sys- 
tem. The imaging protocol consisted of T,- 
weighted axial and coronal scans 
(TR = 3500 and TE = 80), with a slice 
thickness of 5 mm and a 4 mm gap. Images 
were acquired on a 512 x 512 matrix. An 
additional heavily T,-weighted scan 
(TR = 7100and TE = 280) was obtained in 
the axial plane only, for quantification of 
brain water. 

In a small pilot study before this investiga- 
tion began, there was complete concordance 
between two neuroradiologists (J.B. and 
S.H.) in their assessment of degree of atro- 
phy, presence of high signal foci, and other 
lesions. 

In the present study, standard T,-weight- 
ed scans were evaluated by a single neurora- 
diologist (J.B.) who took into account each 
subject’s age but was blinded as to their sero- 
status and other clinical details. Scan quality 
was rated as excellent, adequate, inade- 
quate, or incomplete, and only data from ex- 
cellent or adequate scans were included in 
the analysis. Atrophy, small areas of high 
signal intensity, larger focal lesions, and oth- 
er abnormalities were recorded. 

Atrophy was rated as absent, mild, moder- 
ate, or marked for each subject's age (Figs 1 
through 3). Focal atrophy was scored as 
present or absent for each cerebral lobe, the 
sylvian fissures, brain stem, cerebellar hemi- 
spheres, and vermis. If atrophy was only 
cortical (ie, sulcal enlargement without ven- 
tricular enlargement), this was also noted. 
For a scan to receive a rating of moderate 

F atrophy, both the sulcal prominence and the 
ventricular size had to, in the estimation of 
the neuroradiologist, be sufficient to suggest 
that this was a normal scan for a person 
approximately 20 years older than the sub- 
ject’s age. Scans with sulcal prominence and 
ventricular size deemed abnormal for a per- 
son 20 years older than the subject were 
rated marked atrophy. On the other hand, 
the presence of focal atrophy or diffuse atro- 
phy to any lesser degree received a designa- 
tion of mild atrophy. Consequently, this last 
category included a wide spectrum of scans. 

Small foci of high-signal intensity (3 mm or 
greater and less than 2 cm) were rated as 
absent, single, few (less than five and less 
than two confluent), multiple (five or greater 
or two confluent), or diffuse (many confluent 
or foci of 2 cm or greater), and their number 
and locations were recorded (Fig 1). Differ- 
entiating small high-signal foci from cerebro- 

fons fluid (CSF) spaces was problematic 
with the standard pulse sequence. There- 
fore, we required a high-signal focus to be 
seen in both axial and coronal planes, clearly 
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Fig 1.—Axial T,-weighted image of a 37-year- 
old subject without atrophy. Two periventricular 
foci of increased signal are noted. 








Fig 2.—Axial T,-weighted image of a 39-year- 
old subject with moderate atrophy. 





Fig 3.—Left, Axial T2-weighted image of a 39-year-old subject with mild atrophy. Right, Heavily T,- 
weighted image of the same scan section as in the image on the left. 


separated from sulci, cisterns, and the ven- 
tricular system. 

Larger focal lesions consistent with oppor- 
tunistic infections or neoplasms were also 
noted, as were other abnormalities (eg, arte- 
riovenous malformations, strokes, or 
sinusitis). 

The percentage of the intracranial cavity 
oceupied by the CSF was quantitated using 
the heavily T,-weighted scans (Fig 3). These 
images demonstrate a bright signal generat- 
ed by protons in water molecules with a very 
long T, (eg, within the CSF, globes, and 
inflamed sinuses), and essentially no signal is 
generated by the brain or other soft tissue. A 
cursor was used to trace the inner table of the 
skull in each scan section. The maximum 
brightness (corresponding to an area of CSF) 
within the traced area was scaled by comput- 
er to a value of 255. If a given pixel contained 
CSF only, it was given a value of 255 and if 


there was a partial volume effect, the value 
was scaled in proportion to the amount of 
brain sharing the pixel with the CSF. If the 
entire pixel contained only brain, the value 
was 0. Software was developed to calculate 
the area within the outlined region of interest 
and also the total signal within this perime- 
ter. The proportion of the intracranial cavity 
consisting of CSF was computed by adding 
the total signal from each scan section and 
dividing by the total area within the scan 
multiplied by 255, ie, 
(Scaled Pixel Values Within Traced 
Regions)/ 

[(Pixels Within Traced Regions) x 255] 

= Proportion CSF 


To validate this technique, “phantom” 
studies using objects suspended in water 
demonstrated greater than 95% accuracy of 
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MRI-caleulated volumes compared with 
measured volumes; reproducibility was bet- 
ter than 97%. 

Subjects whose MRI scans demonstrated 
a lesion believed to warrant further investi- 
gation were contacted by the study coordina- 
tor, and the scans were discussed with one of 
the study neurologists. 


Data Analysis 


Analysis of variance and statistical meth- 
ods for rates and proportions were used to 
compare characterisities of the various 
groups.” In the initial analysis, summary 
measures were used for the medical, neuro- 
logic, and neuropsychologic parameters to 
reduce the number of comparisons and 
strengthen the relationships found to be sta- 
tistically significant. It would also decrease 
the likelihood of chance associations (ie, 
there would be a tendency toward type II 
rather than type I error). 

Thus, we used x’ tests for ordered/cate- 
gorical data collapsed into two categories 
(eg, normal vs abnormal and present vs ab- 
sent) to look at the relationships among atro- 
phy, white-matter signal hyperintensities 
(WMH), overall neurologic disability, global 
neuropsychologic performance, clinical neu- 
ropsychologic impression, and HIV serosta- 
tus in the group as a whole, as well as in a 
variety of subgroups, ie, HIV-positive, HIV- 
negative, gay men, PDUs, HIV-positive gay 
men, HIV-negative gay men, HIV-positive 
PDUs and HIV-negative PDUs. To assess 
group differences for interval data (age, edu- 
cation, CD4 count and CD4/CD8 ratio) in 
independent groups (HIV-positive/HIV- 
negative, gay men/PDUs, HIV-positive gay 
men/HIV-negative gay men, HIV-positive 
PDUs/HIV-negative PDUs, HIV-positive 
gay men/HIV-positive PDUs, HIV-negative 
gay men/HIV-negative PDUs, WMH pre- 
sent/WMH absent, and atrophy absent or 
mild/atrophy moderate or marked), we em- 
ployed a t test for independent samples and 
analysis of variance. Pearson correlations for 
interval data (age, CD4, CD4/CD8 ratio, in- 
tracranial water percent [%CSF]), and also 
partial correlations controlling for age were 
performed in the group as a whole, as well as 
in a variety of subgroups. Last, to assess 
group differences in %CSF, analyses of co- 
variance (controlling for age) were per- 
formed with respect to stage, cohort, WMH, 
atrophy, and HIV serostatus. 


RESULTS 


The subjects are described in Tables 1 
and 2. There were no significant differ- 
ences in age, education, GPR, clinical 
neuropsychologic impression, or overall 
neurologic disability between the HIV- 
positive and HIV-negative subjects. 
The baseline neurologic and neuropsy- 
chologic data in the gay men cohort are 
described elsewhere,’ and the baseline 
PDU data have been submitted for pub- 
lication. The raw data are available on 
request. 

The scan results are displayed in Ta- 
bles 3 and 4. Ninety-seven percent of 
the scans revealed at least a mild degree 
of atrophy (77% mild and 20% moder- 
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Table 1.—Study Subjects Stratified by Risk Group and Serostatus* 


PDUs 




































































* PDUs indicates parenteral drug users; HIV, hum: 


and negative, respectively; star, missing data; GPR, glo! 


All All HIV+ HIV— * All HIV+ HIV— * 
n 233 118 75 38 5 115 54 52 9 
Age, y 39.7 39.8 39.3 40.7 39.7 40.0 38.9 
(7.8) (8.3) (8.0) (9.0) (7.4) (6.8) (7.6) 
Education, 14.0 16.4 16.0 17.3 11.6 11.7 11.5 
y (3.3) (2.3) (2.2) (2.2) (2.3) (2.1) (2.4) 
GPR 1.26 0.77 0.92 0.47 1.73 1.75 1.72 
(1.2) (1.0) (1.0) (0.9) (1.3) (1.3) (1.3) 
Neurlmp 0.58 0.21 0.25 0.12 0.94 0.85 1.02 
(0.8) (0.5) (0.6) (0.4) (0.9) (0.9) (0.9) 
Kurtzke 1.68 4.11 1.14 4.11 2.25 2.09 2.44 
(1.6) (0.7) (0.7) (0.7) et (9) (0.8) (2.7) 
cD4, 578.1 494.6 394.3 867.1 627.3 346.5 935.6 
No. / mm? (385) (341) (290) (247) (403) (215) (322) 
CD4/ 0.81 0.69 0.50 1.40 0.88 0.41 1.39 
CD8 ratio (0.6) (0.5) (0.4) (0.4) (0.6) (0.3) (0.5) 





an immunodeficiency virus; plus and minus signs, positive 


bal neuropsychologic performance rating; Neurlmp, clin- 


ical neuropsychologic impression; and Kurtzke, a measure of overall neurologic disability modified from the 
Kurtzke Disability Status Scale for Multiple Sclerosis.’ Numbers in parentheses are SDs. 





Gay Men, Stage 


Table 2.—Study Subjects Stratified by Risk Group and Clinical Stage* 









PDUs, Stage 








n 


















































































* PDUs indicates parenteral drug users; GPR, global performance rating; Neurlmp, clinical neuropsycholog- 


Age, y 407. 401 403 382 412 389 444 987.1 41.1 34.9 
(9.0) (7.4) (85) (83) (8.3) To (4.2) ~— (4.4) TG) (3.7) 

Edudation) 17.00 Wa o MOMA MD (1160 TA UR: TET 12.0 
y (2.2) (18) (23) (22) (2.8) (a) (1:8) _ (15) (1.7) (2.5) 
GPR 047. 100: 067 O97 1.40 1.72 200 209 1.67 1.25 
(0.9) (1.0) (1.0) (1.0) (09) (1.3) 4.4) (1.2) aA GS 

Neurimp 0.12. 0.07. 0.19 0.28 080 1.02 040 118 0.79 1.00 
(0.4) (0.3) (0.5) (0.6) (1.1) (09) (0.9) (09) _ (0.9) (1.2) 

Kak 441. O79 Ro “108 2200 244 200 1 175. 2.21 1.25 
(0.7) (0.7) (0.6) (06) (1.2) (27) (7) (09) (0.8) (0.5) 

CD4,No./ 867.1 4485 493.7 354.1 20.00 935.6 537.6 351.3 324.1 266.8 
mm? (247) (188) (326) (292) (19.9) (322) (114) (213) (229) (78) 
Cb4/Cb8 1.40 063 O67 0.41 0.04 1.39 0.65 0.44 0.36 0.38 
ratio (0.4) (0.3) (0.4) (0.4) (0.0) (0.5) (0.3) (0.3) _ (0.2) (0.2) 





ical impression; Kurtzke, overall neurological disability. Numbers in parentheses are SDs. Stage 0 indicates hu- 


man immunodeficiency virus (HIV) negative; 


1, HIV positive, asymptomatic; 2, HIV positive, with mild symptoms 


(eg, enlarged lymph nodes); 3, acquired immunodeficiency syndrome-related complex; and 4, acquired immu- 


nodeficiency syndrome. 


ate). This preponderance of mild atro- 
phy, even among the HIV-negative 
subjects, was surprising. In part, it may 
stem from the subjective criteria used 
for assessing atrophy. As a result of the 
schema outlined in the “Subjects and 
Methods” section, cases with mild or no 
atrophy were grouped together and 
contrasted with moderate or marked at- 
rophy. Foci of increased signal on the 
T,-weighted images were noted in 20% 
of cases. Eight subjects had other ab- 
normalities on their scans. In four, 
these were consistent with AIDS-relat- 
ed illnesses (three cases of progressive 
multifocal leukoencephalopathy and 
one case of CNS lymphoma), and in the 
other four cases the abnormalities were 
believed to be unrelated to AIDS (two 
cerebral infarctions, one arteriovenous 
malformation, and one para-atrial cho- 


~ 
roid fissure cyst). 

In the standard T,-weighted scans, 
we examined the relationships between 
atrophy and WMH and the medical, 
neurologic and neuropsychologic data 
first in the entire group and then in the 
following subgroups: HIV-positive sub- 
jects, HIV-negative subjects, gay men, 
PDUs, HIV-positive gay men, HIV- 
negative gay men, HIV-positive PDUs, 
and HIV-negative PDUs. 

In the group as a whole, atrophy was 
not related to GPR, the clinical neuro- 
psychologic impression, the overall de- 
gree of neurologic disability, CD4 
count, or HIV serostatus. However, 
moderate atrophy was more common in 
the gay men than in the PDEA 
(x° = 8.8, P = .003). There was no rè- 
lationship between WMH and GPR, 
clinical neuropsychologic impression, 
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Table 3.—Results of Routine T,-Weighted MRI Scans in the Entire Group and Stratified 
by Risk Group and Serostatus* 


Gay Men 


HIV+ 


HIV— 


PDUs 


HIV+ HIV- 





n 
Atrophy 
None 


38 54 52 


0 3 2 





Mild 


27 46 41 





Moderate 


9 4 





Marked 





* 





Foci of increased 
signal 
None 





Single 





Few 





Multiple 





Diffuse 





* 








* MRI indicates magnetic resonance imaging; HIV, human immunodeficiency virus; plus and minus signs, pos- 


itive and negative, respectively; PDUs, Parenteral drug users; and star, missing data. 


Table 4.—Results of Routine T,-Weighted MRI Scans Stratified by Severity of 
HIV Infection * 





n 





Atrophy 
None 





Mild 





Moderate 





Marked 





* 





Table 5.—Subgroup of Subjects With 
Intracranial Water Percent (% CSF), 
Contrasted With the Entire Group 










% CSF All 























n 43 233 

Age, y 41.8 (8.5) 39.7 (7.8) 

Education, y 15.0 (3.0) 14.0 (3.3) 

CD4, No./mm® 488.1 (344) 578.1 (385) 
CD4/CD8 ratio 0.71 (0.6) 0.81 (0.6) 
Gay men 27 118 

PDUs 16 115 

HIV+ 31 129 

HIV— 12 90 

HIV+ gay men 23 75 

HIV— gay men 4 38 

HIV+ PDUs 8 54 

HIV— PDUs 8 52 






*HIV indicates human immunodeficiency virus; 
plus and minus signs, positive and negative, respec- 
tively; and PDUs, parenteral drug users. Numbers in 
parentheses are SDs. 


tion, GPR, clinical neuropsychologic 
impression, overall neurologic disabil- 
ity, atrophy rating, or WMH. More- 
over, they did not differ from the sub- 
jects without %CSF calculations with 
respect to these factors. Intracranial 
water percent correlated with age 
(r = .3763, P = .013) and the radiolo- 
gists rating of atrophy (r= 5031, 
P = .001). After controlling for age, 
%CSF still correlated with the subjec- 
tive rating of atrophy (r = 5240, 
P = .000), and there was a negative 
correlation with both the CD4 count 
(r. = —.38959, P= .009) and the 





WMHs 
None 





Single 





Few 





Many 





Diffuse 





* o 





* MRI indicates magnetic resonance imaging; HIV, human immunodeficiency virus; WMHs, white-matter sig- 


nal hyperintensities; stage 0, HIV negative; 1, HIV positive, asymptomatic; 2, HIV Positive with mild symptoms 


(eg, enlarged lymph nodes); 3, acquired immunodeficienc 


ficiency syndrome; and star, missing data. 


overall degree of neurologic disability, 
CD4 count, or serostatus. The mean age 
of subjects with WMH (43.0 years) was 
significantly higher than that of sub- 
jects without WMH (38.9 years) 
(t = 3.18, P = .002). There was no re- 
lationship between atrophy and WMH. 

In the HIV-positive subjects, there 
were no significant associations be- 
tween either atrophy or WMH and CD4 
or CD8 counts, GPR, clinical neuropsy- 
chologic impression, or overall neuro- 
logic disability. 

For the HIV-negative subjects, 
WMH increased in frequency with atro- 
phy (x’=4.7, P = .030), but there were 
no other associations between MRI 
variables and medical, neurologic, or 

‘opsychologic variables. 

No relationships existed between the 
MRI findings and neurologic or neuro- 
psychologic variables in either the gay 
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y syndrome-related complex; 4, acquired immunode- 


men as a group or the PDU cohort. 

There were no relationships between 
the MRI findings and other variables in 
the HIV-positive gay men, HIV-posi- 
tive PDU, and HIV-negative PDU 
groups; however, WMH increased with 
atrophy in the HIV-negative gay men 
(y’=4.8, P = .029). 

A subgroup, the initial 50 subjects, 
had @CSF calculations performed. Sub- 
jects with inadequate or incomplete 
scans and the eight subjects with focal 
lesions were excluded from this sub- 
group (described in Table 5). As the 
WMH were not visualized on the heavi- 
ly T,-weighted scans, they were not be- 
lieved to contribute to the %CSF calcu- 
lations, and these subjects were not 
excluded from the analysis. Within this 
subgroup, there were no differences be- 
tween the HIV-positive and HIV-nega- 
tive subjects with respect to age, educa- 





CD4/CD8 ratio (r = —.3071, 
P = .0488). Intracranial water percent 
adjusted for age was not significantly 
increased in the HIV-positive subjects 
compared with the HIV-negative sub- 
jects, nor were there any statistically 


significant relationships between 
%CSF and neurologic or neuropsycho- 
logic summary variables. 

COMMENT 


The frequency of neurologic involve- 
ment in AIDS has engendered numer- 
ous attempts to detect early neurologic 
or neuropsychologie changes in HIV- 
infected individuals who have not devel- 
oped AIDS. A number of studies have 
demonstrated differences between 
HIV-positive and HIV-negative sub- 
jects™"; others, a continuum of change 
across stages”; and others, no differ- 
ences between seropositive and sero- 
negative subjects.“ In the follow-up 
study, we noted slight impairment on 
neuropsychologic tests associated with 
subtle neurologic signs and symptoms 
in the HIV-positive subjects that were 
believed to be without functional conse- 
quence.’ The suggestion that there may 
be subtle changes early in the course of 
HIV infection raises the question of 
whether or not there is a preceding or 
concomitant structural CNS change 
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Table 6.—Magnetic Resonance Imaging and HIV* 








Source, y Atrophy WMHs Stage of Iliness 














Levy et al,' 1986 6 NA 5/6 AIDS, no controls 
Shabas et al,** 1987 1 1/1 1/1 AIDS, no controls 
Grant et al,*° 1988 23 9/13"; 5/ 10° 10/23*" a indicates AIDS, b, ARC 














Post et al,* 1988 7 6/7 5/7 
Ekholm and Simon,** 1988 3 3/3 3/3 


AIDS, no controls 
ARC, no controls 





























































































Olsen et al, 1988 365 63/365 112/365 AIDS, no controls 
Trotot et al,™ 1988 15 NA 4/15 HIV+, no symptoms 
Freund-Levi et al, 1989 4 0/4 0/4 Seropositive only 
Subsequent scans 3 3/3 1/3 AIDS (transfusion)t 
MacArthur et al,” 1990 149 NA 18/62 HIV— gay men controls 
33/128 HIV+ no symptoms 
3/17 HIV+ symptomatic 
Levy et al,? 1990 50 6/50 2/50 AIDS, no controls 
Kieburtz et al,*' 1990 52 30/52 26/52 HIV+ no symptoms, 12; 
ARC, 14; AIDS, 26 
Kupfer et al,° 1990 130 44/130 NA AIDS, no controls 
Chrysikopoulos et al, 1990 14 8/10 5/10 AIDS, no controls 
Levin et al,™® 1990 32 NA 1/7 HIV— 
2/9 CDC Il 
2/11 CDC Ill 
2/5 CDC IV 
Korainik et al,“® 1990 62 0/33 1/33 HIV— gay men controls 
1/29 0/29 HIV+ no symptoms 
Subsequent scans 1/27 1/27 HIV+ no symptoms 
Post et al,“° 1991 119 2/95 11/95 HIV+ no symptoms 
9/24 8/24 HIV+ symptomatic 
Present study 233 86/90 20/90 HIV— 
138/143 28/143 HIV+ 





* HIV indicates human immunodeficiency virus; plus and minus signs, positive and negative, respectively; 
WMHs, white-matter signal hyperintensities; NA, not available; AIDS, acquired immunodeficiency syndrome; 
ARC, AIDS-related complex; and CDC II, Ill, and IV, AIDS stages ll, Ill, and IV, respectively, using the Centers 
for Disease Control criteria. 

+Four transfusion recipients with serial scans. 

Refers to medical or systemic symptoms, such as weight loss or fatigue, but without evidence of AIDS; ex- 
cludes patients with tumors or opportunistic infections. 


that might be identified on MRI scans. 
Aside from opportunistic infections 
and neoplasms, the main focuses of ra- 
diologic studies in HIV disease have 
been subcortical WMH on MRI and dif- 
fuse brain atrophy (Table 6). White- 
matter signal hyperintensities have 
been noted predominantly in the sub- 
cortical and periventricular white mat- 
ter areas. Because these locations are 
identical to those with pathologic 
changes in the AIDS dementia com- 
plex," many believed that they might 
represent early signs of direct HIV in- 
fection of the CNS.** We noted no rela- 
tionship between WMH and GPR, clini- 
cal neuropsychological impression, 
overall neurologic disability, severity of 
illness, or serostatus. We did find, how- 
ever, that WMH increased with age and 
that they were seen in association with 
increased atrophy in the HIV-negative 
gay men. A similar increase in WMH 
with age has been noted in the general 
population” and the increased age (al- 
though not statistically significant) of 
the HIV-negative gay men may be con- 
founding the finding in this group. In 
a prospective study, McArthur et al’ 
noted frequencies of white-matter ab- 
normalities among HIV-negative 
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(24%), asymptomatic HIV-positive 
(26%), and symptomatic HIV-positive 
(17%) subjects similar to those in this 
study. They found no correlations be- 
tween clinical findings or CD4 counts 
and WMH. In unselected subjects with 
serial scans, they found no interval 
changes in WMH in either HIV-nega- 
tive or HIV-positive subjects and con- 
cluded that those were probably inci- 
dental findings of no clinical 
significance. Likewise, no differences in 
the frequency of WMH across stages of 
HIV infection from seronegative sub- 
jects to CDC stages II, III, and IV were 
seen by Levin et al.” Foci of increased 
signal were noted in four of 15 asymp- 
tomatic HIV-positive subjects without 
relation to age, sex, risk group, or CD4 
count by Trotot et al.” In light of these 
reports, and the lack of clinical neuro- 
logic or neuropsychologic correlates to 
these WMH, we suspect that they are 
not clinically meaningful. However, 
Post et al” found WMHs in 17% of their 
prospectively studied HIV-positive 
subjects. They noted WMH to be more 
extensive and more frequent in neuro- 
logically symptomatic subjects, and 
that led them to suggest that these were 
HIV-related changes. Hopefully, serial 


scans and pathologie findings will pro- 
vide a definitive conclusion. 

We did not appreciate any examples 
of the lesion described by Kieburtz et 
al” (concerning an area of WMH in the 
corpus callosum and fornix); however, 
there were many differences between 
their study and ours: their study was 
retrospective, had a population selected 
for CNS complaints, and lacked HIV- 
negative control subjects. Further- 
more, differences between our results 
and those of other investigators with 
regard to the presence or absence of 
WMH may reflect differing imaging 
techniques. The use of a 1.5-tesla MRI 
scanner provides high signal detection 
and resolution capabilities. On the other 
hand, the absence of T,-weighted or pro- 
ton-density images may limit our ability 
to fully characterize signal abnor- 
malities. 

Atrophy seen on computed tomo- 
graphic scans was predictive of clinical 
progression in one study of patients 
with AIDS,’ and it has been noted as a 
common finding in retrospective MRI 
studies.” In a prospective MRI study of 
HIV-positive subjects, Post et al” noted 
an association between the presence of 
cortical atrophy and abnormalities on 
neurologic examination, CD4 counts 
less than 400/mm’, serum p24 antigen 
greater than 20 pg/mL, and elevated 
p24 and IgG levels in CSF. The authors 
caution, however, that atrophy based 
on observer ratings is subject to vari- 
ability, as well as differing definitions of 
MR abnormalities by different observ- 
ers. This latter caveat may explain the 
fact that they found atrophy to be pre- 
sent in only 8% of their sample, while we 
found at least a minor degree of atrophy 
to be nearly universal. In our study, all 
scans were rated by the same neurora- 
diologist (J.B.) blind to HIV status and 


clinical data except for age. Atrophy, ‘4 


while seen more commonly in the gay 
men, did not correlate with any of the 
neurologic, neuropsychologic, or medi- 
cal variables in subjects without AIDS. 

Finding atrophy more commonly in 
the gay men seems almost counterintui- 
tive. The gay men had significantly bet- 
ter neuropsychologic performance and 
fewer neurologic abnormalities than the 
did the PDU cohort. In addition, one 
might suspect that alcohol use and head 
injury, as well as parenteral drug use, 
would be more common in the PDU 
group and might conceivably contribute 
to atrophy on MRI scans. Yet, we found 
no relationship between atrophy and 
the neurologic or neuropsychologic find- 


nent alcoholics show reversal of br 
atrophy on MRI.” Furthermore, the ef- 
fect, if any, of parenteral drug use on 


ings and the alcohol issue becomes quite 
complex when one considers that a 
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cerebral atrophy is unclear. 

Neither atrophy nor WMH seen on 
routine MRI distinguished HIV-posi- 
tive from HIV-negative subjects. Only 
the few cases with AIDS defining le- 
sions clearly distinguished HIV-posi- 
tive from HIV-negative subjects. Real- 
izing that the neurologie and 
neuropsychologie changes noted early 
in HIV infection are subtle, we sought a 
finer gauge for atrophy in addition to 
subjective rating by a trained observ- 
er— a computer-generated calculation 
of %CSF in a manually traced region of 
interest produced a quantitative mea- 
sure of atrophy. Others” have shown 
such measurements to vary with age in 
normal subjects. Levin et al" in a study 
of 32 subjects noted increased %CSF in 
subjects with stage IV disease (per the 
Centers for Disease Control criteria) 
compared with others and also noted 
slower simple reaction times, slower 
performance on the trails B test, and 
poorer performance on the Benton visu- 
al retention test with increasing %CSF. 
In our study, atrophy rating did not 
correlate significantly with age, sug- 
gesting that our subjective ratings of 
atrophy were valid for the subject's age. 
That %CSF correlated with atrophy 
rating, particularly when controlled for 
age, further supports our notion that 
the subjective atrophy ratings were val- 
id for the subject's age. The finding that 


age-adjusted %CSF values correlated 


inversely with CD4 counts and 
CD4/CD8 ratios suggests that there is 
loss of brain volume and replacement by 
CSF in association with progression of 
HIV infection (as measured by CD4 
counts) independent of, or preceding, 
clinical neurologic or neuropsychologic 
effects. Whether this may be due to di- 
rect viral effects, toxic effects of viral 
proteins, activation of other infectious 
agents, or activation of neuronal genes 
or autoimmune or other phenomena re- 
mains unknown. 

We conclude that routine MRI of the 
brain in asymptomatic and mildly symp- 
tomatic individuals with HIV infection 
is not different from noninfected indi- 
viduals in similar risk groups. Further, 
we speculate that quantitative mea- 
sures of atrophy that correlate with im- 
munologic measures may demonstrate 
differences between HIV-positive and 
HIV-negative subjects. Follow-up 
scans to assess the interval changes in 
CSF volumes and their relationship to 
HIV-related neurologic disease may 
help to define such differences. 


This study was supported by federal grant P50-1- 
MH43520 and additionally by grant MH44959. 
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Event-Related Potential P300 in Multiple Sclerosis 


Relation to Magnetic Resonance Imaging and Cognitive Impairment 


Lawrence S. Honig, MD, PhD; R. Eugene Ramsay, MD; William A. Sheremata, MD 


e Cerebral involvement in multiple sclero- 
sis may result not only in sensory and motor 
symptoms but also in impaired mentation. 
We hypothesize that cognitive dysfunction 
occurs due to cortical deafferentation or dis- 
connection arising from subcortical white- 
matter disease. We examined the P300 event- 
related potential in 31 patients with multiple 
sclerosis, correlating it with disease severity 
ratings based on magnetic resonance imag- 
ing signal intensity changes, cognitive dys- 
function, and disability status. The patients 
with multiple sclerosis exhibited significant- 
ly prolonged P300 wave latencies compared 
with 32 control subjects. The P300 latency 
was strongly correlated with the presence of 
demyelinative brain lesions seen on magnet- 
ic resonance imaging scans and with cogni- 
tive impairment, but was only weakly associ- 
ated with the Kurtzke disability status score, 
consistent with this scale primarily reflecting 
spinal rather than cerebral demyelination. 
Our study results support a relationship be- 
tween subcortical white-matter lesions and 
cognitive impairmentin multiple sclerosis. 

(Arch Neurol. 1992;49:44-50) 


M “trte sclerosis may be accompa- 
nied by cognitive deficits, particu- 
larly in patients with advanced or rapid- 
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ly progressive disease. The presence of 
disorders involving personality and 
mood has been recognized since the time 
of Charcot.' Typically, cognitive impair- 
ment spares language function and is 
distinguished by inattention, emotional 
lability, disinhibition, slowed thought 
processes, and memory deficits’ and 
has been correlated with cerebral atro- 
phy.***"” In contrast, clinically promi- 
nent findings, such as limb motor defi- 
cits, sensory abnormalities, ataxia, 
visual deficits, ophthalmoplegia, nys- 
tagmus, facial palsy, myokymia, verti- 
go, or dysarthria, principally result 
from demyelinating lesions in the spinal 
cord, optic nerve, or brain stem.’ Most 
patients though, do have concomitant 
cerebral hemispheric disease, the ex- 
tent of which is most easily visualized 
with magnetic resonance imaging 
(MRI)."" Cerebral white-matter 
plaques are frequently evident early in 
the course of disease and are often ap- 
parent before the onset of substantial 
disability. While these plaques may oc- 
casionally cause motor, sensory. or vi- 
sual deficits, they usually appear to be 
silent; perhaps these are linked to subtle 
cognitive deficits. 

The P300 event-related potential 
(also known as P3) is an endogenous, 
stimulus-independent wave related to 
cognitive processing of an unexpected 
stimulus.“ It is reportedly delayed, 
absent, or of lower amplitude in a vari- 
ety of confusional states or dementing 
disorders, ®” including the cortical de- 
mentia of Alzheimer’s disease” and 
the subcortical dementias of Parkin- 
son’s disease” and Huntington’s dis- 
ease,” but normal in the pseudode- 
mentia of depressive _ illness." 


Preliminary studies by Tourtellotte et 
al,” and us,” as well as a recently pub- 
lished report,” have indicated an abnor- 
mal P300 response in patients with mul- 
tiple sclerosis. 

Topographic mapping is a developing 
research technique” that displays elec- 
trophysiologic data spatially. Tempo- 
rally abnormal event-related potential 
components may be more easily identi- 
fied by their distribution.” More- 
over, lateralized or focal abnormalities 
can be evaluated and compared with im- 
aging and other data. To establish clini- 
cal electrophysiologic correlates of cog- 
nitive dysfunction and anatomic lesions, 
we examined topographically mapped 
auditory event-related potentials in pa- 
tients with multiple sclerosis. We hy- 
pothesize that in this population subcor- 
tical disease may cause impairment 
through cortical deafferentation or dis- 
connection. We thus compared patients 
with multiple sclerosis with healthy 
control subjects and examined the rela- 
tionship of event-related potentials to 
duration of disease, clinical disability, 
cognitive deficits, and cerebral white- 
matter involvement visualized with 
MRI. 

SUBJECTS AND METHODS 
Study Population 

Thirty-one patients with clinically definite 
multiple sclerosis according to the criteria of 
Schumacher et al” were recruited from the 
University of Miami (Fla) Multiple Sclerosis 
Center. All patients underwent clinical ex- 
amination, MRI of the brain, and evoked 
potentials mapping. Control subjects for 
evoked potential studies included 32 paid vi 
unteers recruited among medical center >D 
dents, employees, and their families. All su 
jects had normal hearing thresholds. Subject 
characteristics are shown in Table 1. 
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Evaluative Scales 





Disability and cognitive function were 
graded for each patient by consensus of two 






Variable Patients Controls 











examiners (W.A.S. and L.S.H.) using the Age, y 40.0 + 10.7 (22-64) 33.7 + 13.0 (20-75) 
Kurtzke Expanded Disability Status Scale” Education, y 14.8 + 2.6 (11-20) 17.1 + 3.1 (12-22) 
(EDSS) of 0 (normal) to 10, with steps of 0.5, Folstein MMS score 27.3 + 2.9 (19-30) 29.5 + 1.0 (27-30) 

















and the Kurtzke Functional System Cere- DS 3.93 + 3.53 (0-13) 0.13 + 0.35 (0-1) 
bral Function Scale” (CFS), in which inte- Blessed IMCT score 1.46 + 1.40 (0-5) 0.80 + 1.47 (0-3) 
gral steps range from 0 (normal) to 5. Three Kistska CRS score 1.90 + 1.33 (0-5) 

additional measures of cognitive function ; Sere = 

were utilized: the Folstein Mini-Mental Sai IP ee 

State” (MMS) score, which spans from 30 Disability (EDSS score) 4.92 + 2.20 (1.5-8) 





MRI grade (VGS score) 1.97 + 1.35 (0-4) 


(normal) to 0; the Dementia Score (DS) of 


Blessed et al,” as modified by Hachinski et 
al,” which is scored from 0 (normal) to 28; and 
the Information-Memory-Concentration 
Test (IMCT) of Blessed et al,” which is 
strongly based on remote memory and gen- 
eral knowledge and is scored from 0 (normal) 
to 37. 


MRI 


Magnetic resonance imaging was per- 
formed with a Diasonics (South San Francis- 
co, Calif) (field strength, 0.35 T), Picker In- 
ternational (Highland Heights, Calif) (field 
strength, 0.5 T), or Siemens Medical Sys- 
tems (Iselin, NJ)(field strength, 0.35 T) im- 
aging system. Axial brain images obtained at 
5- to 10-mm section thicknesses were ac- 
quired with a dual spin-echo sequence and a 
256 x 256-pixel acquisition matrix. Patient 
images were scored with the Vanderbilt 
Grading System (VGS) criteria™ on a scale of 
0 (reflecting no abnormalities) and 1 to 4 
based on increasing lesion size and extent, >° 


Event-Related Potentials 


Event-related potentials were obtained 
with a topographic mapping system (BRAIN 
ATLAS I, Bio-logic Systems Corp, North- 
brook, Ill). A 20-channel electroencephalog- 
raphy (EEG) machine (Grass Instrument 
Co, Quincy, Mass) was used as a preamplifier 
and raw EEG monitor. Collodion-mounted 
gold-plated cup scalp electrodes were placed 
according to the International 10-20 System. 
The 20 leads were referenced to linked left 
and right cheek electrodes, each placed 3 em 

r above the mandibular rami, midway be- 
tween the angle of mouth and the tragus. At 
the time of each study, no patient had invol- 
untary buccal, lingual, palatal, or facial 
movements, such as myokymia. Frontopolar 
eye-blink artifacts could be discerned with 
on-line EEG and topographic map monitor- 
ing. When present, these were minimized by 
taped eyelid pads; in no circumstances were 
the voltages measured at C, or P, affected. 
Recordings were made with a band pass of 1 
to 70 Hz, without 60-Hz notch filtration but 
with the use of automatic artifact rejection 
circuitry. 

P300 was elicited by use of the “oddball” 
paradigm" with two different pitched 
tones: infrequent 2000 Hz tones were inter- 
spersed randomly at a 1:10 numerical ratio 
with more frequent 1000 Hz tones. Tone 
burst stimuli (intensity, 80 dB sound pres- 

e level) were presented binaurally 

| headphones at a repetition rate of 
"1 Hz; rise, plateau, and fall times were 10, 
50, and 10 milliseconds, respectively. Sub- 
jects were instructed to listen carefully, si- 
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*Values are means + SDs (ranges). MMS indicates Mini-Mental State; DS, Dementia Score; IMCT, Informa- 
tion-Memory-Concentration Test; CFS, Cerebral Function Scale; EDSS, Expanded Disability Status Scale; MRI, 
magnetic resonance imaging; and VGS, Vanderbilt Grading System. 


lently counting the higher-pitch infrequent 
tones. After a brief demonstration, two tests 
were performed, each continuing until the 
collection of 100 artifact-free infrequent 
stimuli responses. Counting accuracy was 
similar between patients with multiple scle- 
rosis and control subjects, with an average of 
approximately 5% discrepancy between the 
counted and actual number of delivered in- 
frequent stimuli. The 20 channels were inde- 
pendently averaged over a 512-millisecond 
epoch following frequent and infrequent 
stimuli, with use of a 2-millisecond sampling 
frame. Event-related potential montages 
showing frequent and infrequent stimuli-as- 
sociated amplitudes vs time were displayed; 
a moving cursor on the time axis allowed 
presentation of topographic potential maps 
for each 2-millisecond (or other integrated) 
interval. Peak amplitudes and latencies were 
obtained by digital readout. 


P300 Waveform Analysis 


Responses to frequent tone consisted of a 
prominent negative peak between 65 and 150 
milliseconds identified as N1, followed by a 
frontocentral positive wave (between 100 
and 250 milliseconds) identified as P2. Re- 
sponses to infrequent tone showed similar 
N1 and P2, followed by an additional trough 
(N2) and the paired, variably separated P300 
peaks (Fig 1, top): P3a, the first major posi- 
tive central peak after 250 milliseconds, and 
P3b, the next positive centroparietal poten- 
tial. In patients with poorly formed C, wave- 
forms, the topographically displayed voltage 
maps facilitated peak identification. For con- 
sistency with published P300 data, the quan- 
titative analysis presented herein employs 
only midline peak latencies and amplitudes — 
measured at C,, except for supplementary 
measurements at P, for the more parietal 
P3b. (Alternative methods of analysis could, 
for example, analyze peak amplitudes at 
their topographically maximal locations.) 
Variance between patients for peak ampli- 
tudes was greater than for latencies (com- 
pare Tables 2 and 3), presumably owing to 
differences in skull and scalp thickness, tis- 
sue conductance, and superposed baseline 
changes. 


Data Analysis 


Data analysis was performed with a PC 
microcomputer with dBASE III Plus (revi- 


sion 1.0, Ashton-Tate, Torrance, Calif) and 
PFS; Professional File (Software Publishing 
Corp, Mountain View, Calif) database sys- 
tems and the SPSS/PC + (version 1.0, SPSS 
Inc, Chicago, Ill) statistical package. De- 
seriptive statistics are expressed as means 
and SDs or SEMs as stated. Student’s two- 
tailed t-test and one-way analysis of variance 
were used to compare the means between 
two or multiple groups of data. Plotted data 
were analyzed by linear regression with use 
of the least-squares method. 


RESULTS 
Subject Data 


Patients (97% white; 65% women; 
mean + SD age, 40 + 11 years) were sim- 
ilar to control subjects (94% white; 47% 
women; mean age, 34+ 13 years) in race 
and gender. As shown in Table 1, pa- 
tients were, as a group, slightly older 
and somewhat less educated (mean edu- 
cational level, 15 years for patients vs 17 
years for control subjects). Patient 
Kurtzke CFS scores spanned the full 
range of 0 to 5, with a mean+SD score 
of 1.9+1.3, representing mild impair- 
ment. The mean Folstein MMS score 
was 27.3 (range, 19 to 30), significantly 
(P=.01), albeit only 7%, less than con- 
trol mean of 29.5 (range, 27 to 30). The 
mean DS was 3.9+3.5 (range, 0 to 13), 
also significantly (P = .0002) lower than 
that of control subjects, 0.1+0.3 
(range, 0 to 1). The mean Blessed IMCT 
score for patients was 1.5 (range, 0 to 5), 
not significantly different from that for 
control subjects, 0.8 (range, 0 to 3); this 
scale was found to be of little utility. The 
duration of disease from the earliest on- 
set of patient symptoms ranged from 1 
to 20 years (mean, 10.2 years). Patient 
EDSS scores ranged from 1.5 (minimal 
signs) to8 (bed-bound), with mean value 
of 4.9 (full daily activities precluded but 
able to ambulate 200 m unaided), Mag- 
netic resonance imaging studies re- 
vealed patient VGS scores of 0 to 4, with 
a mean of 1.97. Within the patient 
group, the cognitive function measures 
(CFS score, MMS score, and DS) were 


P300 in Multiple Sclerosis—Honig etal 45 


SSS ae aye S N ee 


highly correlated with each other. In 
addition, these measures correlated 
with MRI grade (VGS score) but corre- 
lated weakly with disability status and 
not with age or educational level. 

Figure 1 shows examples of the long- 
latency auditory evoked responses of 
two healthy control subjects (top) and 
four patients with multiple sclerosis 
(middle and bottom). Because age 
matching was imperfect (Table 1), P300 
latencies and amplitudes were plotted 
against age for both control subjects and 
patients. Among control subjects, the 
P2 and P3b peaks showed mild prolon- 
gation of latency with increasing age 
(approximately 0.5+0.3 ms/y by linear 
regression), a relationship similar to 
that reported by other investiga- 
tors"; we also found that amplitudes 
of P3a and P3b peaks decreased some- 
what with age (approximately 0.15 + .06 
uV/y). Unlike control subjects, the pa- 
tients with multiple sclerosis exhibited 
no significant correlation of event-relat- 
ed potential latencies with increasing 
age or of P3 amplitudes with increasing 
age. Neither control subjects nor pa- 
tients showed association of P300 com- 
ponent latencies or amplitudes with 
years of education. 


Qualitative Differences Between Patients 
With Multiple Sclerosis and Control Subjects 


Of31 patients with multiple sclerosis, 
35% (n=11) showed normal P300 (eg 
Fig 1, middle left) and 65% (n=20) 
showed P300 abnormalities assessed by 
latency, waveform, or symmetry crite- 
ria. Latencies delayed more than 2 SDs 
beyond normal (eg, Fig 1, middle right 
and bottom left and right) were seen in 
35% of patients (11 cases, four of which 
were abnormal solely in latency) but in 
only a single control subject (8%). 
Waveform contours were abnormal (eg, 
Fig 1, bottom right) in 48% of patients 
(15 cases, seven of which were abnormal 
only in shape) and in two control sub- 
jects (6%); these abnormalities consist 
of a P3a-P3b complex width more than 2 
SDs greater than normal (11 patients) 
or absent P3a component (four patients 
with only a single parietal peak identifi- 
able). Markedly asymmetrical topo- 
graphic distributions, defined as peak 
voltage localizing greater than one elec- 
trode position from the midline, was 
seen in 16% of patients (four of these 
five had abnormal P300 by other criteria 
as well) but in no control subjects. Minor 
asymmetries (defined as half to one elec- 
trode position deviation from midline) 
were discounted: they were seen in an 
additional 19% (6/31) of patients but 
were also noted in 12% (4/32) of control 
subjects. 
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Fig 1.—Event-related potentials in two control subjects (top) and four patients with multiple 
sclerosis (middle and bottom) showing the P300 waveforms associated with frequent (dotted 
tracing) and infrequent (solid tracing) stimuli. Top tracings show peaks P2 to P3, as labeled; in 
middle and bottom tracings, P3a and P3b are marked. The bar in the lower right corner is 33 


milliseconds wide and 2 pV high. 


Quantitative Differences Between Patients 
With Multiple Sclerosis and Control Subjects 


Patients with multiple sclerosis 
showed significantly longer latencies 
(Table 2) of the P300 “processing-relat- 
ed” P3a and P3b waves at C, than did 
control subjects (P3b means, 367 vs 335 
milliseconds; P=.0005) and prolonged 
interpeak latencies when measured to 


either N2 or P2 (not shown). Voltage 
amplitudes (Table 3) of P3a and P3b 
waves were reduced in patients with 
multiple sclerosis, although variances 
were large in both patients and control 
subjects. These results were in contra- 
distinction to those of the “stimulus-r 

lated” N1 and P2 potentials whi 

showed no significant differences, for 
either frequent or infrequent stimuli, of 
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amplitude or latency between patients 
and control subjects (Tables 2 and 3). 


Factors Influencing P300 in 
Patients With Multiple Sclerosis 


Delayed latencies of P300 waves P3a 
and P3b were correlated highly with the 
presence of extensive demyelinative le- 
sions seen with MRI (Table 4, Fig 2). 
Mean+SD P3b latency for patients 
with more severe disease seen on MRI 
(VGS score, 3 to 4; 399+28 millisec- 
onds) was significantly longer than that 
for patients with less severe disease 
seen on MRI (VGS score, 0 to 2; 352 +41 
milliseconds) (P=.001) or for the con- 
trol subjects (335+21 milliseconds) 
(P<.0001). P300 latency times also cor- 
related significantly with the severity of 
cognitive impairment measured by the 
Kurtzke CFS (Table 4, Fig 3). Patients 
with moderate to severe deficits (CFS 
score, 3 to 5) had mean+SD P, laten- 
cies (400 + 28 milliseconds) longer than 
those of less impaired (CFS score, 0 to 2) 
patients (840 +39 milliseconds; 
P<.0005) or control subjects (335 +21 
milliseconds; P<.00001). P3a and P3b 
latencies were not significantly corre- 
lated with Folstein MMS score or DS, 
presumably owing to the lesser sensi- 
tivity of these tests to the cognitive dys- 
function in multiple sclerosis (see “Com- 
ment” section). A significant 
relationship of P3b latency with dura- 
tion of illness was found (Table 4), which 
could not be explained by age effects. A 
weak correlation of P3 component laten- 
cies with EDSS disability status was 
observed (Table 4): in patients with 
EDSS scores greater than 4, P3b was 
3713+42 milliseconds, slightly longer 
than the 357 +45 milliseconds observed 
for patients with EDSS scores of 4 or 
less. These weaker associations of P3 
with duration of illness and EDSS scere 
may be attributable to covariation of 
these variables with MRI grade and 
CFS score. Amplitudes of P3a and P3b 
peaks decreased significantly with in- 
creasing Kurtzke CFS score, disability 
status, or MRI disease scale (Table 5). 
The behavior of the processing-related 
P300 components, which showed longer 
latencies and smaller amplitudes with 
increasing disease, differed markedly 
from that of the nonattentional, stimu- 
lus-associated N1 and P2 components, 
which showed few correlations with 
MRI findings, Kurtzke CFS score, or 
disability status scores. In some com- 
parisons, a slight trend in the reverse 
direction was evident, with more se- 

erely affected patients having a ten- 

ency to shorter latency and higher am- 
plitude N1 and P2 components (Tables 4 
and 5). 
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Table 2.—Average Waveform Latencies in Patients With Multiple Sclerosis and 
Control Subjects * 









Variables Patients Controls 













































Frequent stimulus 

N1 92 +2 90 +2 NS 

P2 169 + 6 LAE 3 NS 
Infrequent stimulus 

N1 102 + 3 94 + 2 

P2 160 + 4 153 + 2 

N2 221 +68 208 + 4 

P3a 294 + 5 27444 

P3b 367 + 8 335 + 4 

P3b, 373 +8 34144 





*For explanation of abbreviations, see text. Peaks are measured from the C, waveform (except for P3b,, which 
is measured from the P, waveform). Values are means + SEMs in milliseconds. P values represent the result 
of two-tailed t tests for significance, with NS indicating not significant. 






Table 3.—Average Waveform Amplitudes in Patients With Multiple Sclerosis and 
Control Subjects * 







Variables Patients Controls P 



































































Frequent stimulus 
N1 —3.33 + 0.32 —3.63 + 0.33 
P2 2.79 + 0.28 3.28 + 0.31 

Infrequent stimulus 
N1 —4.50 + 0.40 —4.46 + 0.37 NS 
P2 2.68 + 0.61 3.06 + 0.49 NS 
N2 —3.46 + 0.54 —4.39 + 0.70 NS 
N2, =2.17 + 0:46 —2.79 + 0.47 NS 
P3a 4.28 + 0.66 5.24 + 0.80 NS 
P3a, 4.80 + 0.57 6.24 + 0.80 NS 
P3b 6.42 + 0.71 8.10 + 0.87 NS 
P3b, 7.89 + 0.62 10.38 + 0.86 .02 






* For explanation of abbreviations, see text. Peaks are measured from the C, waveform (except for P3b,, which 
is measured from the P, waveform). Values are means + SEMs in microvolts. P values represent the result of 
two-tailed t tests for significance, with NS indicating not significant. 





Table 4.—Relationships of Evoked Potential Latencies to Multiple Sclerosis 
Disease Variables* 







Frequent Stimulus 





Infrequent Stimulus 




















Disease a. ———————-uw«“« 
Variables N1 P2 N1 P2 N2 P3a P3b 
Patients 
Age 
Education 
Duration ie 
Disability (EDSS score) K s 
Kurtzke CFS score = ae 
Folstein MMS score 
DS. 







Blessed IMCT score 

MRI grade (VGS score) 
Controls 

Age 

Education 






|» 
* 
. 
. 
* 
* 












* Peaks were measured from the C, waveform. Plots of latency against disease variable revealed statistically 
Significant relationships, with single asterisks indicating P < .05; double asterisks, P < .01; and triple aster- 
isks, P < .002, each representing a positive correlation of latency with the variable, except for the underscored 
asterisk, which shows a negative trend. EDSS indicates Expanded Disability Status Scale; CFS, Cerebral Func- 
tion Scale; MMS, Mini-Mental State; DS, Dementia Score; IMCT, Information-Memory-Concentration Test; MRI, 
Magnetic resonance imaging; and VGS, Vanderbilt Grading System. 


COMMENT with cognitive dysfunction, cerebral 
disease seen on MRI, and duration of 
disease but is independent of patient 
age. Concomitant with latency prolon- 
gation, P300 amplitudes are diminished 


in patients with greater cognitive dys- 


Patients with multiple sclerosis ex- 
hibit increased latency of the P300 long- 
latency event-related potential. The 
P300 latency shows a direct relationship 
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MRI Grade (VGS Score) 
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MRI Grade (VGS Score) 


Fig 2.—Regression scatterplots of infrequent stimulus-associated P2 (left) and P3 (right) latencies 
vs patient severity of disease seen with magnetic resonance imaging (Vanderbilt Grading System 
[VGS] score). Latency prolongation is significantly correlated with greater white-matter involvement 
for processing-related (right) peak P3b (r=.49) but not for stimulus-dependent (left) peak P2 


(r=.21). 
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Fig 3.—Regression scatterplots of infrequent stimulus-associated P2 (left) and P3 (right) latencies 


vs patient Kurtzke Cerebral Function Scale (CFS) scores. Prolonged latency of processing-related 
(right) peak P3b is significantly correlated with increased cognitive dysfunction (r= .54), while that of 
stimulus-dependent (left) peak P2 is not (r=.17). 


function or MRI abnormalities. The lack 
of demonstrable dependence of P300 la- 
tency on age in the multiple sclerosis 
population differs from the relationship 
observed in the healthy control sub- 
jects. This is not due to differences in 
age distribution but rather derives from 
the substantial variation in disease se- 
verity, with consequent shifts in latency 
obscuring small age effects. A weak cor- 
relation of P300 with disability rated by 
the EDSS may be due to slight covaria- 
tion of EDSS with VGS scores.” The 
relationship of multiple sclerosis dis- 
ease variables to the processing-related 
P300 component is in contrast to the 
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lack of relationship with the stimulus- 
related long-latency evoked potential 
components N1 and P2 (although P2 did 
show a slight inverse relationship, with 
decreased P2 latency and increased P2 
amplitude in some of the more severely 
affected patients). The results reported 
herein are consistent with those in our 
previous studies comparing MRI find- 
ings with EDSS score.” Spinal cord 
disease is most responsible for disability 
in multiple sclerosis, as measured by the 
EDSS,”” although cerebral hemispher- 
ic disease, seen as extensive MRI in- 
volvement, correlates most closely with 
the cognitive difficulties in multiple 


sclerosis. The results from our present 
study show that a neurophysiologic 
measurement, the P300, also correlates 
with cognitive impairment. 


Cognitive Function in Multiple Sclerosis 


Our results concur with those of other 
investigators that standard dementia 
screening tests, such as the Folstein 
MMS or DS tests, are relatively insensi- 
tive measures of cognitive deficits in 
multiple sclerosis.***"” This may be ex- 
plained by the fact that these tests are 
prominently biased toward examination 
of orientation, registration, and lan- 
guage, which represent 21 of the 30 Fol- 
stein MMS points. The patients with 
multiple sclerosis in our study missed 
81% of their total Folstein MMS error 
points on the other nine Folstein MMS 
points: the attention, recall, and design 
copy items. The DS discriminated little 
better than the Folstein MMS test; an 
additional problem of this test is inclu- 
sion of items influenced by motor sys- 
tems integrity. In contrast, the Kurtzke 
CFS provides a simple but reasonable 
clinical grading system, although it is 
handicapped by its subjectivity. The 
Blessed IMCT depends mostly on ac- 
quired knowledge and did not reveal 
clinical utility, exhibiting no significant 
differences between control subjects 
and our moderately afflicted patients. 
Examination of attention, learning, and 
recall, using more sophisticated neuro- 
psychological examinations, such as the 
Trail Making Test and language fluency 
tests, is likely to be of greater use.*°**” 


Event-Related Potentials in 
Multiple Sclerosis 


Patients with multiple sclerosis show 
quantitative P300 latency and ampli- 
tude differences from control subjects. 
Although there is overlap between the 
patient and control populations, our 
study shows that 65% of patients had 
abnormal P300 (vs 9% of control sub- 
jects). Delayed latency greater than 2 
SDs from the control mean was seen in 
35% of patients (vs 3% of control sub- 
jects) and compared with amplitude, 
waveform, or topographic distribution 
was the single most diagnostically sen- 
sitive variable. Evoked potential vari- 
ables were more sensitive than the mild 
slowing of EEG background rhythm 
seen in cognitively impaired patients, 
although these latter changes may be 
quantitatively demonstrated by EEG 
fast Fourier transform analysis” (and 
unpublished data, L.S.H., R.E.R, and 


x 


W.A.S., 1987). The P3a and P3b vari 


ables were significantly related to bot 
cognitive and radiologic measures of ce- 
rebral disease: the Kurtzke CFS, and 
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Frequent Stimulus 
Disease 
Variable N1 P2 


Table 5.—Relationships of Evoked Potential Amplitudes to Multiple Sclerosis 
Disease Variables * 
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P3a, P3b P3b, 











Patients 
Age 
Education 
Duration 
Disability (EDSS score) 
Kurtzke CFS score 
Folstein MMS score 
DS 
Blessed IMCT score 
MRI grade (VGS score) 
Controls 
Age 
Education 

























* Peaks were measured from the C, waveform (or from the P, waveform [subscript ‘‘p"’]). Plots of amplitude 


against disease variable showed Statistically significant negative correlations as follows: single asterisks, 
P < .05; double asterisks, P < .01; and triple asterisks, P < .002, except for the underscored asterisks, which 
had positive correlations. Thus, decreased amplitude was associated with increased abnormality of dependent 
disease variable except in the P2 columns, and for Folstein MMS score in the P3b, column. N2,, like N}, showed 
no significant correlations. See Table 4 footnote for expansion of abbreviations. 


the MRI VGS grade. The display of 20 
channels of information may give 
evoked potential analysis power beyond 
that available with conventional single- 
or several-channel recordings, particu- 
larly with complex potentials, such as 
the P300. While patients had variably 
abnormal topographic P300 distribu- 
tions, four of the five patients with 
marked asymmetry also had an abnor- 
mality in waveform or latency. Ampli- 
tudes mapped over the surface of the 
head allow analysis of waveform pro- 
gression from cortical region to region 
and obviation of artifacts due to lead 
placement, skull shape, or intrinsic dis- 
placement of peaks. However, not only 
is localization of peaks aided by topo- 
graphic mapping but ongoing studies 
are examining the relationship of quali- 
tative spatial abnormalities, including 
broadened and topographically asym- 
metrical potentials, to specific neuro- 
psychological deficits and to radiologic 
plaque locations. 


Subcortical vs Cortical Dementia 


With use of the classification system 
of Cummings and Benson,” cognitive 
dysfunction in multiple sclerosis is “sub- 
cortical,” in common with that of Bins- 
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wanger’s, Huntington's, and Parkin- 
son’s diseases, rather than “cortical,” as 
found in Alzheimer’s, Pick’s or Creutz- 
feldt-Jakob diseases. While for this lat- 
ter cortical category, the Folstein MMS 
and other memory tests may be more 
appropriate, for the former cortical cat- 
egory, these common neuropsychologi- 
cal screening tests are less useful. Some 
investigators have proposed that the 
P300 may be generated primarily in the 
hippocampal formation, while other 
investigators have suggested a more 
diffuse frontoparietal cortical origin, 
perhaps by summation.” Irrespective- 
ly, this late potential ultimately spreads 
over much of the scalp, presumably by 
projection from deep structures, rather 
than corticocortical spread. Thus, it 
could be proposed that the P300 might 
be delayed by either impaired atten- 
tional, or processing, mechanisms at the 
level of cortical neuronal dysfunction or 
by a disease of the white-matter connec- 
tions. Increased P300 (P3) latency has 
been found in most patients with de- 
mentia.“ However, it has been sug- 
gested” that different diseases have 
different patterns of alterations with re- 
spect to the earlier N100 (N1) and P150 
(P2) component latencies. Patients with 
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Cerebral Hemorrhage With Biopsy-Proved 


Amyloid Angiopathy 


William H. Yong, MD; Marie E. Robert, MD; Diana Lenard Secor, MS; 
Theodore J. Kleikamp, MD; Harry V. Vinters, MD 


eè Clinical, radiological, and immunohisto- 
chemical findings in brain biopsy specimens 
from six patients with cerebral amyloid an- 
giopathy-associated intracerebral hemor- 
rhage were reviewed. Acute clinical presen- 
tations included headache, nausea and 
vomiting, loss of consciousness, and focal 
neurological deficits such as hemiplegia and 
blindness. Transient ischemic attacks expe- 
rienced by one patient and referable to one 
hemisphere did not indicate impending hem- 
orrhage in that region. Computed tomo- 
graphic scans revealed acute, irregular, su- 
perficial, lobar hemorrhage with occasional 
ring enhancement. Immunohistochemical 
studies were performed on biopsy speci- 
mens using primary antibodies against por- 
tions of the Alzheimer A4 (f-) peptide or y- 
trace peptide (the vascular amyloid protein in 


(Cerebral amyloid angiopathy (CAA) 

is characterized by the accumula- 
tion of amyloid in the media and adventi- 
tia of medium and small arteries, arter- 
ioles, and occasionally veins.*? It is 
responsible for up to 10% of primary, 
nontraumatic brain hemorrhages or 1% 
of all strokes.* Cerebral amyloid angio- 
pathy commonly occurs in otherwise 
healthy and nondemented persons with- 
out cerebral hemorrhage or infarcts.” 
The amyloid in most patients with CAA 
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patients with hereditary cerebral hemor- 
rhage with amyloidosis-Icelandic type). In all 
patients, anti-A4 and anti—y-trace labeled ce- 
rebral microvessels. Immunoreactive senile 
plaques were few compared with the num- 
bers of stained microvessels. Reactive astro- 
cytes in some patients were labeled by both 
antiserum samples, suggesting uptake or 
production of these proteins by the astro- 
cytes. This study demonstrates the hetero- 
geneous clinical and radiological features of 
cerebral amyloid angiopathy-related brain 
hemorrhage and the value of anti-A4 and 
anti—y-trace immunohistochemical study of 
biopsy material from patients with suspected 
cerebral amyloid angiopathy-related intra- 
parenchymal bleeding. 
(Arch Neurol. 1992;49:51-58) 


is virtually identical biochemically to 
that found in patients with Alzheimer’s 
disease (AD) senile or neuritic plaques, 
both lesions containing the Alzheimer 
A4 or B-peptide.“ Cerebral amyloid an- 
giopathy occurs in over 90% of brains 
from patients with AD or senile demen- 
tia of the Alzheimer type (SDAT).' 
Thus, understanding the pathophysio- 
logical nature of CAA may provide in- 
sights into AD and SDAT.’ Cerebral 
amyloid angiopathy appears to increase 
in extent and severity with age.* There 
are associations between CAA and syn- 
dromes of familial cerebral hemor- 
rhage," Down’s syndrome,” isolated 
cerebral vasculitis, ™? leukoencephalo- 
pathy," and cerebrovascular malfor- 
mations.” Traditionally, CAA has 
been diagnosed by staining tissue sec- 
tions with Congo red and viewing them 
under polarized light. Recently, im- 


munohistochemical staining with pri- 
mary monoclonal or polyclonal antibod- 
ies to the Alzheimer A4 peptide and to a 
peptide related to y-trace or cystatin C 
(a protease inhibitor that composes the 
microvascular amyloid in hereditary 
Icelandic cerebral hemorrhage 
[HCHWA-I]) has been shown to localize 
amyloid in microvessel walls in brain 
tissue from appropriate patients.""" In 
this study, we examine the efficacy of 
immunohistochemical methods in de- 
tecting CAA in brain biopsy specimens 
from six patients with peripheral lobar 
cerebral hemorrhages. Clinical and ra- 
diological features of the patients are 
emphasized. 


SUBJECTS AND METHODS 


The charts of six patients who ranged in 
age from 54 to 86 years were reviewed with 
respect to clinical presentation, age, sex, his- 
tory of hypertension and smoking or other 
risk factors for vascular disease, dementia, 
neurological and psychiatric symptoms, im- 
aging studies, surgical procedures, treat- 
ment, and outcome. Two of the patients 
(cases 1 and 4) were seen and treated at St 
Vincent Hospital and Medical Center, Port- 
land, Ore, and four (cases 2, 3, 5, and 6) were 
followed up at the UCLA Medical Center. 
Initial diagnosis of CAA in biopsy material 
(available from all patients) was by Congo 
red staining of paraffin sections and examina- 
tion with polarization microscopy. Immuno- 
histochemical (immunoperoxidase) staining 
of tissues was carried out utilizing primary 
polyclonal antibodies raised against synthet- 
ic peptides representing a 28-amino-acid 
fragment from the Alzheimer A4 (B-) pep- 
tide or an 18-amino-acid fragment from a 
y-trace-like protein initially isolated from ce- 
rebral microvessels of patients with 
HCHWA-I."*"* The immunocytochemical 
method involved formic acid pretreatment of 
brain tissue sections to improve immunola- 
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beling” and a standard avidin-biotin-peroxi- 
dase technique for visualization of immuno- 
reactivity. Control sections from all patients 
were treated with serum samples preab- 
sorbed with the immunogen to which the 
antibody was raised as a measure of antibody 
labeling specificity. Sections of AD brain 
with widespread parenchymal and microvas- 
cular A4 amyloid were immunolabeled with 
anti-A4, while paraffin-embedded brain tis- 
sue from patients with HCHWA-I was 
stained with anti-y-trace antibody to serve 
as positive controls and ensure consistent 
levels of staining in each run. 


REPORT OF CASES 


Table 1 summarizes the clinical features of 
all patients, and Table 2 summarizes the his- 
tological features of the cerebral biopsy spec- 
imens: relevant details of both are presented 
below. 

CASE 1.—A 54-year-old white man with a 
questionable history of mild hypertension 
and a two- to three-pack per day smoking 
history presented with loss of consciousness 
in 1984. In the previous year, he had com- 
plaints of numbness in the right hand and 
occasional episodes of dropping objects from 
that hand. At that time, a computed tomo- 
graphic (CT) scan of the head was negative, 
but electroencephalography (EEG) showed 
excessive synchronous 2- to 3-Hz slow-wave 
activity. He was started on a regimen of 
phenytoin sodium, 400 mg/d. He remained 
asymptomatic for 4 months and then had an 
episode of aphasia followed by a tonoclonic 
seizure. Magnetic resonance imaging (MRI) 
immediately before this episode demonstrat- 
ed multiple regions in the periventricular and 
centrum semiovale regions bilaterally, con- 
sistent with plaques of multiple sclerosis. 
Neuropsychological testing was consistent 
with organic dementia and depression. In 
1987, his symptoms worsened, and MRI re- 
vealed additional small foci of probable de- 
myelination involving the brain stem. The 
patient then suffered acute confusion and 
blindness. Computed tomography revealed a 
large hemorrhage in the right occipital and 
posterior parietal regions with mass effect. 
Cerebral arteriography failed to demon- 
strate an arteriovenous malformation 
(AVM) but showed mild atheromatous 
change of the cerebral vessels. He showed 
mild clinical improvement and in mid-1987 
underwent a right temporal lobe biopsy that 
revealed CAA. 

Postoperatively, the patient was obtund- 
ed, and a CT scan demonstrated edema but 
no new hemorrhage. Dexamethasone sodium 
phosphate was administered, with clinical 
improvement. In late 1987, a CT scan re- 
vealed an additional left-sided occipital lu- 
cency. Magnetic resonance imaging in April 
1988 revealed multiple serpiginous channels 
with high signal intensity in the temporal 
region, suggestive of an AVM. In retrospect, 
and since an angiogram 1 year earlier had not 
shown AVM, this area may have represented 
acute hemorrhage in a gyral pattern. His 
condition improved slightly until October 
1988, when his vision and ability to carry out 
activities of daily living deteriorated. Com- 
puted tomographic and MRI scans in Novem- 
ber 1988 demonstrated a right-sided parieto- 
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Table 1.—Clinical Features of Spontaneous Cerebral Hemorrhage 
in Six Patients With CAA* 






Location of 



































































Patient Hemorrhages 

No./Age, HTN/ Dementia Clinical Subsequent (Onset/ Surgical 

y/Sex Smoker at Onset Presentation Symptoms Subsequent) Procedures 

1/54/M TE No Loss of con- Seizures, L, R periventric- R temporal 
sciousness dementia, ular /R occipi- biopsy 
(h/o TIAs, R depression, toparietal 
hemiparesis 1 blindness, (X2), R tem- 

y?) obtundation poral, L occip- 
ital, R hemi- 
1 ] sphere 

2/58/F “i+ Yes Confusion, diffi- Memory loss, L, R frontal / L frontal biopsy 
culty walking, irritability, none 
urinary incon- depression, 
tinence, apha- paranoia 
sia, HA, N/V 
(h/o depres- 
sion, 38 y) 

3/60/F =f4 No L hemiparesis, Seizures, apha- R frontal/ R frontal evacu- 
HA, N/V, pro- sia, L hemi- none ation of he- 
gressive leth- paresis, L matoma 
argy (h/o paresthesias 
TIAs with R 
hemiparesis 
7 y, L hemi- 
paresis 6 mo) 

4/71/M HIF Yes HA, confusion, Confusion, L R frontal, L R frontal biopsy 
ataxia, L ho- hemiparesis, L cerebellar /L 
monymous paresthesia, occipital, R 
hemianopsia, memory loss, cerebellar 
L hemiplegia irritability 
(h/o carotid 
and peripheral 
vascular dis- 
ease) 

5/82/F “= No HA, slurred No change L occipital / L occipital evac- 
speech, R none uation of he- 
hemiparesis, matoma 
obtundation 

6/86/M 212 No Malaise, N/V, L hemiparesis, R parieto-occipi- R parieto-occipi- 
ataxia, obtun- L homony- totemporal/ totemporal 
dation, L mous hemian- none evacuation of 
hemiparesis opsia hematoma 







* CAA indicates cerebral amyoid angiopathy; HTN, hypertension; TIA, transient ischemic attack; h/o, history 
of; HA, headache; and N/V, nausea and vomiting. Ages are age at onset of first hemorrhage. The periventric- 
ular lucencies in patient 1 probably represented infarcted and demyelinated areas. 


Table 2.—Immunohistochemical and Microscopic Features 
of Hemorrhagic Brain Tissue Associated With CAA* 


Staining of 
Astrocytes 
c———“ow 
Anti-y- 
Trace 


Staining of 
Cerebral Microvessels 
—_—ooeooaw be 
Congo Anti-y- 
È Red Anti-A4 Trace 


+ + 


Staining of 
Senile Plaques 
aaaea 
Anti-y- 
Trace 


Anti-A4 Anti-A4 




















* CAA indicates cerebral amyoid angiopathy; CNA, cannot assess. With the minimal amount of brain tissue 
sometimes available, immunolabeled sections did not always contain reactive astrocytes or senile plaques, and 
it was therefore not possible to comment on their immunolabeling properties. 


occipital hemorrhage (Fig 1, top and center). 
Magnetic resonance imaging in April 1989 
showed maturation of the parieto-occipital 
hemorrhage. Following 1 month of increas- 
ing dementia in May 1989, the patient be- 
came acutely unresponsive, and a CT scan 
demonstrated an extensive, multilobar right 


hemispheric hemorrhage with substantial 
subarachnoid spread (Fig 1, bottom). An 
EEG obtained during obtundation revealed 
marked abnormalities in the right he 

sphere consisting of focal slowing over t 

right frontotemporal regions superimposed 
on generalized bilateral slowing. He suffered 
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Fig 1.—Patient 1. Top, This T,-weighted mag- 
netic resonance imaging (MRI) image (repeti- 
tion/echo times, 2800/80 ms) demonstrates a 
serpiginous lobar lesion of high signal intensity, 
representing hemorrhage in the right occipita 
region (November 9, 1988). Center, A sagittal 
T'-weighted MRI image (600/20 ms) of the right 
occipital lesion (same date) demonstrates an 
area of high signal intensity (indicating a chron- 
ic or subacute hemorrhage) surrounding a cen- 
tral region of lesser intensity. Bottom, Com- 

uted tomographic scan without contrast of a 
U right cerebral hemorrhage (May 17, 


E989) demonstrating delineation of superior 


gyri probably secondary to subarachnoid 


involvement. 
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Fig 2.—Patient 2. Left, Enhanced computed tomographic scan of a low-density, ring-enhancing, 
superficial left frontal lobe lesion. Right, Computed tomographic scan with contrast of a simulta- 
neous hemorrhage in the right frontal lobe. An area of ring enhancement is visible with a central 


region of mixed density. 


recurrent grand mal seizures refractory to 
phenytoin and died 2 months later. 

Autopsy (restricted to the brain) revealed 
mild atherosclerosis except for a large basilar 
artery plaque. The frontal lobes bilaterally 
demonstrated recent hemorrhage. A recent 
3-em encapsulated hematoma was located at 
the left frontotemporal junction. There was 
bilateral cortical loss in the temporal regions, 
with a resorbed hemorrhagic lesion on the 
left. The right parieto-occipital region re- 
vealed a resorbed hemorrhagic cortical le- 
sion that extended to the ventricles. A re- 
sorbed 2-cm hemorrhagic lesion was noted to 
the left of the splenium of the corpus callo- 
sum. The ventricular system was dilated 
especially the temporal horns of the lateral 
ventricles. A “degenerative vasculopathy’ 
with extensive amyloid deposition in cere- 
bral cortical leptomeningeal microvessels 
was noted. Bilateral infarcts were noted, as 
were multiple old and acute microinfarcts of 
the cerebellar cortex. Senile plaques were 
not as prominent as amyloidotic microvessels 
in the neocortex. 

CASE 2.—A 58-year-old normotensive 
black woman with a 44-pack per year history 
of smoking presented in 1984 with a 2- to 3- 
week history of progressive confusion, diffi- 
culty walking, and incontinence. Beginning 
at the age of 20 years, she had experienced 
episodes of depression requiring prolonged 
hospitalization. Treatments had included 
electroconvulsive therapy and antipsychotic 
medications. She subsequently received the 
diagnosis of bipolar disorder with psychotic 
features and was also thought to have a 
mixed personality disorder. In the 2 years 
before the most recent admission, she had 
undergone increasing numbers of hospital- 
izations for major depressive episodes. Two 
weeks before admission, gait and speech dif- 
ficulties developed. Two days before admis- 
sion, the patient had nausea, vomiting, and 
urinary incontinence. On the day before hos- 


pitalization, a headache developed. A CT 
scan of the brain with contrast revealed ring- 
enhancing lesions, one in each frontal lobe, 
that were thought to be consistent with ma- 
lignant neoplasia (Fig 2). Results of a left- 
sided frontal craniectomy with ultrasound- 
guided needle biopsy revealed CAA, gliosis, 
and hemorrhage, but no evidence of malig- 
nant neoplasia. A follow-up CT scan revealed 
resolving lesions consistent with prior hema- 
tomas. She continued to have episodes of 
depression and experienced increased mem- 
ory loss and irritability. Three years postop- 
eratively, an EEG demonstrated intermit- 
tent, generalized theta wave and 
polymorphic delta wave activity consistent 
with encephalopathy (toxic, metabolic, or de- 
generative) in the left anterior region. The 
EEG changes were not thought to be attrib- 
utable to resolving hematomas. 

CASE 3.—A_ 60-year-old normotensive 
white woman with a 25-pack per year smok- 
ing history presented with a 12-hour history 
of left-sided hemiparesis in 1988. She had a 9- 
year history of transient ischemic attacks 
(TIAs). During the first 7 years, she had had 
three TIAs characterized by right-sided fa- 
cial and extremity paresthesias and weak- 
ness. The first two TIAs had also included an 
expressive aphasia. Computed tomographic 
scanning of the brain was repeatedly normal, 
as was a carotid artery duplex scan. Six 
months before admission, she suffered a TIA 
characterized by left-sided facial and ex- 
tremity paresthesias and weakness, and pos- 
sibly a seizure. Both CT and MRI scans were 
normal. On the day before admission, a head- 
ache and episodes of vomiting developed. In 
the 12 hours before admission, left-sided 
weakness developed as before, but she also 
demonstrated a rapidly progressing lethargy 
that culminated in a somnolent though pain- 
arousable state. A CT scan of the brain re- 
vealed a right frontal lobe hematoma (Fig 3), 
which was evacuated. The biopsy material 
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revealed CAA. Follow-up CT scans revealed 
no further hemorrhage. She suffered sei- 
zures postoperatively and was treated with 
phenytoin and acetazolamide sodium. Six 
months postoperatively, she had continuing 
complaints of slurred speech and left-sided 
numbness and weakness. 

CASE 4.—A 69-year-old white male smok- 
er (two packs per day of unknown duration) 
with a history of controlled hypertension and 
carotid and peripheral artery disease was 
admitted for mental status changes and diffi- 
culties with activities of daily living in 1989. 
Four days before admission, headaches de- 
veloped. On the day before admission, he 
drove into a parked car. No clear history of 
head trauma was obtained. Subsequently, 
slight confusion and difficulty with ambula- 
tion and dressing developed. On examina- 
tion, he had a left-sided homonymous he- 
mianopsia, a left-sided hemiplegia, and 
ataxia. 

A right frontal lobe biopsy specimen was 
believed initially to be consistent with a ster- 
ile abscess or cerebritis. Subsequent Congo 
red staining demonstrated CAA. Postopera- 
tively, he experienced fluctuating mental 
status changes with periods of confusion and 
disorientation and periodic episodes of left 
upper extremity weakness and numbness. 
Three months postoperatively, he suffered a 
severe episode of acute confusion. He was 
given colchicine (0.5 to 1 mg/d), which ap- 
peared helpful in reducing his neurological 
deficits for several months. By 1 year postop- 
eratively, he had increasing memory loss and 
irritability marked by rage attacks. 

CASE 5.—An 82-year-old white woman 
was admitted for severe headache, slurred 
speech, and right-sided hemiparesis. Her 
medical history included intraductal carcino- 
ma in 1987, a history of myocardial infarc- 
tion, and congestive heart failure. Her family 
reported that she had had frequent head- 
aches for several years. She did not smoke 
and was not hypertensive. She was living 
independently at home, where she cared for 
her husband. Three months before admis- 
sion, she fell at home and reported minor 
aches and pains, which resolved. In Decem- 
ber 1990, she suffered a severe headache, 
slurred speech, and a right-sided hemipare- 
sis. A head CT scan demonstrated a large 
left-sided occipital subdural and intraparen- 
chymal hematoma with a 1.0-em shift of mid- 
line structures to the right. A subdural and 
intraparenchymal hematoma measuring 
6.0 x 4.0 x 2.0 em was evacuated, and CAA 
was demonstrated in the biopsy material. 
Postoperatively, neurological status im- 
proved only minimally. A repeated head CT 
scan demonstrated some increased cerebral 
edema and continued right shift. Recovery of 
neurological function seemed a remote possi- 
bility at the time of manuscript preparation 
of this article. 

CASE 6.—In January 1991, an 86-year-old 
Japanese man with a vague history of cardiac 
disease had an episode of malaise, nausea, 
and vomiting. He became ataxic and con- 
fused. On examination, he had left-sided he- 
miparesis and was obtunded. A CT scan 
without contrast revealed a hemorrhage in 
the right parietal and temporal lobes with 
extension into the ventricles and a 1-em mid- 
line shift to the left. He underwent a right- 
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Fig 3.—Patient 3. Computed tomographic scan 
without contrast of a superficial frontal lobe 
hemorrhage. There is acute hemorrhage with 
surrounding edema (low density) and midline 
shift. 


sided parieto-occipital craniectomy, and the 
hematoma was evacuated. Microscopic ex- 
amination showed CAA. Postoperatively, he 
was alert and oriented but had a left-sided 
homonymous hemianopsia and left-sided he- 
miparesis. A CT scan revealed a largely 
evacuated hematoma and decreased midline 
shift. On postoperative day 5, pneumonia de- 
veloped. Treatment with antibiotics was fol- 
lowed by return to a fully oriented state after 
1 day. He was subsequently transferred to a 
rehabilitation facility. 


RESULTS 
Summary of Biopsy Findings 


Brain tissue from all patients demon- 
strated the characteristic light micro- 
scopic features*® of CAA, with thick- 
ened, hyaline, eosinophilic vessel walls 
(Fig 4). Congo red staining confirmed 
the finding in all cases (Table 2). Biel- 
schowsky’s (silver) staining in selected 
cases showed a relative lack of senile 
(neuritic) plaques compared with large 
numbers of amyloidotic microvessels. 
Quantitation of this finding was difficult 
in view of the relatively small size of 
some of the biopsy specimens. 

All specimens revealed spongiosis 
and inflammatory cells. A frontal lobe 
biopsy specimen of patient 3 was re- 
markable for markedly ectatic amyloi- 
dotic vessels (Fig 4). A right frontal lobe 
biopsy specimen from patient 4 re- 
vealed focally prominent histiocytes 
and clusters of mononuclear cells, pri- 
marily in a perivascular location. Mito- 
ses (including granular forms) were 
seen among the reactive cells. Some 
larger arteries demonstrated fibrous in- 
timal hyperplasia and others showed or- 





Fig 4.—Patient 3. Cerebral biopsy specimen 
shows abundant acute hemorrhage and thick- 
ened ectatic amyloid-laden microvessels (ar- 
rows) (hematoxylin-eosin, x 200). 


ganizing thrombi. Excessive numbers 
of thick-walled blood vessels initially 
suggested the presence of a vascular 
malformation. 

Both anti-A4 and anti—y-trace consis- 
tently labeled leptomeningeal and cere- 
bral microvessels in all patients (Fig 5). 
The anti-A4 labeled the few plaques ob- 
served, while y-trace did not. The anti- 
A4 and anti-y-trace inconsistently la- 
beled reactive astrocytes (Table 2). In 
patient 2, gliosis was prominent, and 
strong immunoreactivity for both pep- 
tides was observed in numerous astro- 
cytes. In patient 4, reactive astrocytes 
were only lightly stained by anti-A4, 
while anti-y-trace labeling showed 
strong immunoreactivity. Conversely, 
in patient 1, anti~y-trace revealed mini- 
mal staining of astrocytes, but anti-A4 
reacted strongly. The astrocytes from 
patient 6 showed only light staining by 
anti-A4. 

Rarely, strongly immunostained ves- 
sels (whether reactive for anti-A4 or 
y-trace) were surrounded by acute hem- 
orrhage (Fig 6, left). Less commonly, 
sites of apparent extravasation of blood 
from immunoreactive vessels were en- 
countered (Fig 6, right). Large menin- 
geal arteries, when present within the 
biopsy material, sometimes showed im- 
munoreactive material largely confined 
to their adventitial component (Fig 7). 


The age of the patients with CAA- 
associated hemorrhage is comparable 


COMMENT 
Clinical Features 
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Fig 5.—Patient 1. Left, A section of brain biopsy specimen immunostained for Alzheimer A4 peptide demonstrates prominent 
staining of media and adventitia (arrow) of a small artery. Note the virtual absence of parenchymal (senile plaque) 
immunoreactivity. Center, Another section immunostained for y-trace peptide shows intense labeling of the vessel wall. Note 
rare astrocytes in the surrounding neuropil that show light cytoplasmic immunostaining (arrow). Right, Leptomeningeal vessels, 


immunostained for y-trace. Note the patchy nature of peptide deposition within the vessel wall. The smaller of the two labeled 
vessels shows segments of its wall that do not demonstrate immunolabeling (arrow) (x 550). 





with that of previous reports of CAA, all 
indicating that the incidence of this 
CAA-related complication increases in 
those over 50 years of age.**** Four of 
the patients in this study are near or 
below the mean ages (male, 71 years; 
female, 73 years) of those with CAA- 
associated hemorrhages.’ No sex pre- 
dominance has been consistently docu- 
mented,’ and there was none in this 
small sample. The presentation of CAA 
may include nonspecific symptoms such 
as headache, nausea, and vomiting in 
Rein to focal neurological deficits.” 
ecurrent hemorrhages often occur.’ 
One report describes a 58-year-old 
woman who suffered a total of eight 
strokes.” In our study, patient 1 ap- 
pears by imaging studies to have had 
seven hemorrhagic or ischemic events, 
though not all presented clinically as 
strokes. Of particular interest is patient 
3, who experienced three TIAs refer- 
able to the left cerebral hemisphere 
over the course of 7 years and subse- 
quently had a TIA referable to the right Fig 6.—Left, Anti-Alzheimer A4 peptide—immunostained section from patient 6 shows labeled 
hemisphere. Ultimately, she experi- parenchymal and meningeal vessels but virtually no senile plaques. An occasional parenchymal 
Se een Ar re ra Poe Sa ay cate tmrhege (x95) Fg, A mizoiaee tom pal 
a s| = : 
most recently affected by TIAs. It is eateeetion of blood at its opposite end. Fave ial gecesi (arrowhead) are present (Anti- 
A4 and anti-gamma trace immunostaining performed as described in Vinters et al," x 625). 





unclear why the hemisphere that first 
produced symptoms was not the one in 
which clinically significant bleeding 
st occurred. Possibilities include two lated lesions. Transient ischemic at- though the mechanism of such TIAs is 
istinct types of CAA lesion (one more tacks referable to CAA have previously not apparent. Microinfarcts or microhe- 
kely to hemorrhage than the other), or been described,” and this patient’s his- | morrhages have been suggested as the 
different rates of evolution in CAA-re- tory reinforces this rare origin of TIAs, cause.’ 
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Fig 7.—Patient 5. A large meningeal artery (anti-y-trace stain) shows prominent adventitial peptide 
(arrows, left) that is not visible in a parallel section (right) stained with adsorbed antibody (see 
“Subjects and Methods” section) (left, x 625; right, x 245). 


While Torack™ has reported cerebral 
bleeding after and others” have noted 
frequent hemorrhage during neurosur- 
gical procedures, interventions ranging 
from biopsy to hematoma evacuation 
did not exacerbate intraoperative or 
postoperative hemorrhage in our pa- 
tients. A study of 11 patients with CAA 
also suggested that neurosurgery may 
be safely performed.” Hypertension is 
not believed to be a major risk factor for 
CAA-associated hemorrhages, and only 
one of the six patients in this study (pa- 
tient 4) had a clear hypertensive histo- 
ry. Four of our patients were normoten- 
sive, with diastolic systemic blood 
pressures consistently not exceeding 
90 mm Hg. There is no statistically sig- 
nificant difference in the incidence of 
infarcts or hemorrhages in hyperten- 
sive and nonhypertensive patients who 
have CAA associated with AD/SDAT,” 
nor is there a correlation between ele- 
vated blood pressure and the presence 
of CAA.” 

A history of heavy smoking, was pre- 
sent in at least four of six patients. Giv- 
en the advanced age of patients 5 and 6 
and their fulminant presentation, an ab- 
sence of smoking history may not reflect 
their life experience. In patient 6, smok- 
ing history was not documented at all. 
Since smoke toxins are known to dam- 
age blood vessels,” it is interesting to 
speculate on a possible association be- 
tween smoking and symptomatic forms 
of this vasculopathy. In a study of pa- 
tients with “probable AD” by National 
Institutes of Health criteria, 37% of fe- 
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males and 98% of males had used tobac- 
co, but only 10% of those females and 
14% of those males were still smoking at 
the time of AD onset.” The mean inter- 
val between smoking cessation and dis- 
ease onset was 18.3 years for women 
and 16.6 years for men. Average daily 
consumption before cessation of smok- 
ing was 18.2 and 18.8 cigarettes per day, 
respectively, and mean use was 32 years 
for females and 44 years for males. Since 
almost 100% of patients with AD have 
CAA, smoking may play a role in this 
vasculopathy. Unlike the majority of 
those clinically diagnosed with AD, four 
of our patients had not stopped smok- 
ing. Caution must be taken in drawing 
parallels between the AD smoking 
study and our patients, since none of the 
patients in our study was given the diag- 
nosis of AD by clinical criteria, and no 
independent assessment of CAA was 
made in the AD smoking study. A more 
extensive and rigorous study ona larger 
sample will be necessary to demon- 
strate conclusively an association be- 
tween smoking and CAA. 

Patient 2 demonstrated a long history 
of depression that appeared to be exac- 
erbated in the period preceding her 
CAA-associated hemorrhage, though 
whether this represents a truly organic 
effect is unclear. It is extremely unlike- 
ly, however, that her initial depression 
was due to CAA, since it began at the 
age of 20 years, when nonfamilial CAA 
is not known to occur.’ Of note is the 
information that her daughter also suf- 
fers from depression. 


Radiological Features 


The radiological features of CAA may 
mimic other forms of brain abnormality 
that enter into the clinical differential 
diagnosis. While it has been suggested 
that CAA should be considered in the 
differential diagnosis when multiple 
subcortical lobar lesions appear in the 
normotensive elderly person, in prac- 
tice it may be difficult to distinguish 
from other lesions without a biopsy.” 
When examined by CT scan without 
contrast, CAA hemorrhages tend to be 
superficial, lobar, dense when acute and 
hypodense when subacute or chronic, 
and somewhat irregular, and at times to 
show “fingers” or extensions, even into 
the subarachnoid space.” Hemor- 
rhages may be multiple, bilateral, and 
recurrent. Resolution can result in leu- 
komalacia and localized ventricular dila- 
tation.” Extension from the cortical and 
subcortical areas into the subarachnoid 
space appears common, though it does 
not usually delineate the gyri, as seen in 
Fig 1, bottom. However, pure subar- 
achnoid hemorrhage secondary to CAA 
is rare.” Hemorrhage favors the fron- 
toparietal cortex and white matter, 
though CAA may predominate in the 
parieto-occipital regions.*“ While most 
CT scan studies of CAA-related hemor- 
rhages have been done without con- 
trast, the few done with contrast indi- 
cate that ring enhancement may 
occur.” Filloux and Townsend” noted 
that ring enhancement persisted up to 2 
weeks after the first CT scan. Thus, 
waiting for ahemorrhagic CAA lesion to 
resolve as a means of distinguishing it 
from tumor may not be optimal. In par- 
ticular, multiple, peripherally placed 
ring-enhancing lesions that would be 
consistent with metastatic tumor in an 
elderly patient may require biopsy to 
rule out the latter possibility. Magnetic ‘on 
resonance imaging may also be superior 
to CT scan in the detection of subacute 


or remote hemorrhage. 
Patient 1 demonstrated multiple peri- 
ventricular | white-matter lesions 


(PWMLs) by MRI that were at first 
thought to represent demyelination sec- 
ondary to multiple sclerosis. However, 
autopsy revealed old infarcts and hem- 
orrhage related to CAA. Similar MRI 
findings of leukoencephalopathy in the 
periventricular regions have been noted 
in spontaneous and Dutch variants of 
CAA." However, patchy white mat- 
ter lesions may be detected by MRI in 
20% to 30% of asymptomatic subjects 
and are associated with increased age 
and vascular risk factors such as hyper- 
tension, diabetes mellitus, coronary 
tery disease, and TIAs.“* Whil 
PWMLs appear to be common in heredi- 
tary cerebral hemorrhage with amyloi- 
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dosis-Dutch type (HCHWA-D),* they 
appear less commonly in spontaneous 
CAA.“ The occurrence of PWMLs has 
been attributed to hypoperfusion of the 
deep white matter due to stenosis of 
long perforating arterioles.“ Periven- 
tricular white-matter lesions in 
HCHWA-D were not related to demen- 
tia according to Haan et al,“ since de- 
mentia was approximately equally 
prevalent in patients with and without 
PWML. 


Microscopic and Immunocytochemical 
Features in Relation to Pathogenesis of CAA 


Senile plaque cores in AD and SDAT, 
and amyloid in CAA, are composed of a 
4200-d molecular weight protein that is 
only minimally different.” This 4200-d 
Alzheimer A4 or B-peptide is cleaved 
from a 695-amino acid precursor en- 
coded by a gene on chromosome 21." 
In our study, the immunohistochemical 
methods used involve polyclonal anti- 
bodies against the C-terminal end of the 
Alzheimer A4 precursor molecule. The 
site of origin of the A4 precursor mole- 
cule is controversial.’ Some patients 
demonstrate exclusive anti-A4 staining 
of cortical arteriolar or capillary walls, 
and others have strong perivascular 
and/or parenchymal immunolabeling.” 

In this study, arterioles, capillaries, 
and reactive astrocytes were labeled by 
both anti-A4 and anti-y-trace. Colocali- 
zation of both types of antibodies has 
also been observed in microvessels of 
patients with AD.” The finding of prom- 
inent colocalization within vessel walls 
of A4 and y-trace peptides in this group 
of six patients with cerebral hemor- 
rhage supports the view that y-trace 
peptide may be a significant cofactor in 
the pathogenesis of bleeding in 
CAA." Our patients were also of in- 

x terest insofar as they usually showed 
predominantly or exclusively microvas- 
cular deposition of brain amyloid, in this 
regard resembling patients with 
HCHWA-D, though examination of 
more extensive brain tissue may show 
that significant amounts of plaque amy- 
loid were also present. 

The role of astrocytes in cerebral 
amyloidogenesis is unclear. The reac- 
tivity of astroglial cells with anti-A4 and 
anti~y-trace antibodies raises the possi- 
bility that these cells are phagocytosing 
peptides from the parenchyma, mi- 
crovessels, or perivascular regions. Ini- 
tial production of A4 or cystatin C may 
be by other cells. Anti-cystatin C serum 
has labeled neurons in neocortical biop- 
sy specimens of patients with cerebral 

mors” and in postmortem hypotha- 

ae In vitro, human astrocytes have 
demonstrated phagocytic potential.” 
However, in animal models, adult astro- 
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cytes do not appear to phagocytose col- 
loidal carbon, though there appears to 
be evidence that neonatal astrocytes 
have that capability.” Alternatively, 
the astroglial cells themselves may be 
producing the amyloid peptides. Mi- 
croglial and astroglial cells are capable 
of constitutive secretion of lysozyme 
and cystatin C in vitro.” Interleukin 1 
produced by microglial cells stimulates 
astrogliosis.** Possibly, the stimulus 
for astrocytes to produce glial fibers 
may also trigger the increased produc- 
tion of both A4 precursor protein and 
cystatin C. Since not all astrocytes were 
immunolabeled, there may be either lo- 
cal differences in the quantities of amy- 
loid protein available for phagocytosis 
or varying levels of stimulus for the pro- 
duction of amyloid. 

In nonhereditary CAA, chronic in- 
flammation may be one starting point 
for amyloid formation. The late age at 
onset of CAA is consistent with a pro- 
longed exposure to some inflammatory 
agent. Since abnormalities of cerebral 
microvessels as seen in AVMs or angii- 
tis™® are associated with CAA, an 
inflammatory agent, in a similar man- 
ner, may change the properties of the 
microvessel walls over time to permit qi 
amyloidosis. Smoke may be such an 
agent, since it is known to cause damage 
to-fetal and adult vessels in animal mod- 
els and to adult vessels in humans. ®%* %8 
The blood-borne toxin may stimulate 
ameboid microglial cells (which are be- 
lieved to be the primary source of inter- 
leukin 1 in the brain”), macrophages, 
and possibly other cells to secrete that 
factor. Interleukin 1 produced by mac- 
rophages in the brain or in extracranial 
sites may in turn stimulate production 
of A4 precursor protein in their respec- 
tive locations. As suggested above, as- 
trocytes may be one source of the pep- 
tides. Under the influence of interleukin 
1 or perhaps additional factors, periph- 
eral mononuclear or localized cell wall 
proteases may cleave A4 precursor pro- 
tein to form A4. Localized proteolytic 
enzymes have been suggested to ex- 
plain the selective distribution of CAA 
lesions.” By postulating a factor similar 
to amyloid enhancing factor, a glyco- 
peptide that accelerates amyloid depo- 
sition in animal models of systemic amy- 
loidosis," and differing local levels of it, 
one could explain varying evolutional 
rates of CAA and related lesions. 

Finally, this study reemphasizes the 
importance of carefully examining evac- 
uated nontraumatic cerebral hemato- 
mas, especially from elderly patients, in 
an attempt to establish a causative 
mechanism for the bleeding.” Such ex- 
amination is enhanced by the use of im- 
munohistochemical techniques (such as 


we have described) in tissue from appro- 
priately selected patients. 
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NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?’ 


“[In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action.” 

Lazarewicz JW, et al. Stroke 1989. 


“[In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
vasospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
that are below the limits of resolution of angiography. ...”! 

F Pickard JD, et al. Br Med J 1989. 
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INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological outcome by reduc- 
ing the incidence and severity of ischemic deficits in patients with subarachnoid hemorrhage 
from ruptured congenital aneurysms who are in good neurological condition post-ictus (e.g., 


Hunt and Hess Grades L-III). 


CONTRAINDICATIONS 
None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
thage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium kaal blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pi rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Intestinal pseudo-obstruction and ileus have been reported rarely in patients treated with 
nimodipine. A causal relationship has not been established. The condition has responded to 
conservative management. 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

A study in eight healthy volunteers has shown a 50% increase in mean peak nimodipine 
plasma concentrations and a 90% increase in mean area under the curve, after a one-week course 
of cimetidine at 1,000 mg/day and nimodipine at 90 mg/day. This effect may be mediated by the 
known inhibition of hepatic cytochrome P-450 by cimetidine, which could decrease first-pass 
metabolism of nimodipine. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up-to 30 eikai when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg gh ina 50kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral 
doses of | and 10 mg/kg/day administered (by gavage) from day 6 through day 18 of pregnancy but 
not at 3.0 mg/kg/day in one of two identica rabbit studies. In the second study an increased 
incidence of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was 
embryotoxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 
mg/kg/day administered by gavage from day 6 through day 15 of pregnancy. In two other rat 
studies, doses of 30 mg/kg/day nimodipine administered by gavage trom day 16 of gestation and 
continued until sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher 
incidences of skeletal variation, stunted fetuses and sti Ibirths but no malformations. There are 
no adequate and well controlled studies in pregnant women to directly assess the effect on human 
fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 


aa tet bec reset A Dl > eae ee nn 








DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90mg 120mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14(8.1) 2 (50.0) 6 (1.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7(1.5) 
Edema 0 0 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) Z(L2), 0 3 (0.6) 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n= 172) (n=4) (n= 479) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2(L2) O 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1(1.2) 0 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1(1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
4h, 30 mg g4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg g4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing: diaphoresis; wheezing; phenytoin toxicity; lighthead- 
edness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg qth dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blocker It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
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Double Cortex 


A Neuronal Migration Anomaly as a Possible Cause of 


Lennox-Gastaut Syndrome 


Stefano Ricci, MD; Raffaella Cusmai, MD; Giuseppe Fariello, MD; Lucia Fusco, MD; Federico Vigevano, MD 


© Band heterotopia, or “double cortex,” is 
a neuronal migration disorder that consists 
of a symmetrical subcortical neuronal band. 
The overlying cortex may be normal or ma- 
crogyric. We describe two severely mentally 
retarded girls, aged 14 and 18 years, who had 
band heterotopia and Lennox-Gastaut syn- 
drome. Band heterotopia was evident in both 
hemispheres as a subcortical symmetrical 
layer isointense with gray matter on magnet- 
ic resonance T,- and T.-weighted images. 
Both patients had atonic seizures, atypical 
absences, and tonic seizures. The electroen- 
cephalograms in both cases showed fre- 
quent generalized paroxysms and slow 
background activity. The association of a 
Lennox-Gastaut syndrome with double cor- 
tex in these two patients and ina previously 
reported autopsy-confirmed case suggests 
that this malformation may be responsible 
for other similar cases. 

(Arch Neurol. 1992;49:61-64) 


C erebral malformations due to diffuse 

neuronal migration anomalies are 
described in association with mental re- 
tardation and epileptic seizures. Diffuse 
neuronal migration anomalies are clas- 
sified by neuropathologists into various 
groups (agyria, macrogyria, schizen- 
cephaly, polymicrogyria, and diffuse 
neuronal heterotopias).’* Neuronal he- 
terotopias are divided into two distinct 
forms: neuronal subependymal hetero- 
topia and subcortical band heterotopia, 
also called double cortex.” The diagno- 
sis of these neuronal migration abnor- 
malities is now possible by magnetic 
resonance imaging (MRI).°” In MRI 
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scans, double cortex appears as a thick 
layer of subcortical tissue, with a signal 
intensity close to that of gray matter, 
separated from the cortex by a thin lay- 
er of white matter. The surface convolu- 
tions on the overlying cerebral cortex 
may present agyria or macrogyria or 
have a normal gyral pattern.’ These 
MRI appearances have been described 
in epileptic patients who are mentally 
retarded. The severity of the epilepsy 
and mental retardation varied greatly 
in the reported cases. We describe two 
girls in whom this neuronal migration 
disorder was associated with a Lennox- 
Gastaut syndrome. 


REPORT OF CASES 


CASE 1.—An 18-year-old woman was re- 
ferred because of intractable seizures. Her 
mother’s pregnancy and her birth were un- 
complicated; she weighed 3.350 g at birth. 
There was no family history of epilepsy. Her 
psychomotor development was delayed: she 
started to walk at 18 months and talked at 
30 months. The seizures started when she 
was 18 months old, with occurrences several 
times a day. The manifestations were sudden 
hyperextension of the head with abduction 
and hyperextension of the arms; these sei- 
zures were spontaneous or provoked by sud- 
den noises. The electroencephalograms 
(EEGs) showed temporo-occipital spikes and 
spike-and-wave anomalies over both hemi- 
spheres. At the age of 24 months, the patient 
began to have frequent tonic seizures during 
sleep. At 30 months she had partial seizures, 
during which deviation of the eyes to the left 
side was followed by clonic jerks in the left 
leg and loss of consciousness. When she was 
3 years old, learning difficulties appeared 
and she began to have absence attacks, which 
occurred several times a day. An EEG ob- 
tained while the patient was awake showed 
diffuse, slow, 2-Hz spike-and-wave dis- 
charges, coinciding with atypical absence 
spells. A sleep EEG showed diffuse bursts of 
rhythmic spike discharges at 10 to 11 Hz; 
these were accompanied by tonic axial sei- 
zures. When the patient was 5 years old, 
tonoclonic daytime seizures began. At 
9 years of age, she began to have frequent 
daily atonic seizures. Anticonvulsant drugs 


failed to control the frequency of the attacks. 
The EEG recordings showed, mainly over 
the posterior areas, prolonged wide-ampli- 
tude spike-and-wave discharges at 1.5 to 
2.5 Hz (Fig 1); the background activity was 
slow (8 to 5 Hz). When the patient was 15 
years old, partial polymorphic seizures ap- 
peared, characterized by a loss of conscious- 
ness, automatisms including swallowing, and 
difficulty in breathing, or by abduction and 
extension of the right arm and deviation of 
the trunk, head, and eyes toward the right 
side. 

The neurologic examination showed no fo- 
cal deficits; the occipito-frontal circumfer- 
ence was 54 cm. Severe mental retardation 
was evident (intelligence quotient, 30). 

A computed tomographic scan (Fig 2, top 
left) showed a thick cerebral cortex and dif- 
fusely hypodense periventricular white mat- 
ter with slight ventricular dilatation. T,- 
weighted MRI scans (Fig 2, bottom left and 
right) demonstrated in both hemispheres a 
subcortical layer, isointense with the cortical 
gray matter. The layer was symmetrical and 
visible in axial and coronal planes. This band 
of gray matter extended from the frontal to 
the occipital areas; it was separated from the 
cortex by a thin layer of white matter. The 
white matter had normal interdigitations 
with the gray matter. The cortex had a nor- 
mal gyral pattern. 

CASE 2.—A 14-year-old girl was born by 
normal pregnancy and delivery. There was 
no family history of epilepsy. Her psychomo- 
tor development was slightly delayed: she 
walked at 14 months and talked at 24 months. 
At the age of 10 months she had afebrile 
seizures with a left-sided hemiconvulsion 
lasting 30 minutes. One month later she hada 
prolonged right-sided hemiconvulsion. The 
EEGs showed spikes and spike-and-wave 
anomalies in the posterior areas of both hemi- 
spheres. At 3 years of age she began to have 
seizures characterized by psychomotor ar- 
rest followed by generalized clonic jerks. At 
5 years atonic seizures occurred daily. At the 
age of 8 years frequent atypical absence at- 
tacks began, and her intellectual capacity 
worsened. An awake EEG showed diffuse 
spike-and-wave discharges at 2 to 2.5 Hz 
predominantly in the anterior regions, and 
the background activity was slow (4 to 6 Hz) 
(Fig 3). A sleep EEG showed diffuse rhyth- 
mic bursts of spike discharges at about 10 Hz 
in nonrapid eye movement sleep; this activity 
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Fig 1.—Case 1. Electroencephalogram recorded at the age of 16 years, during wakefulness. Continuous, slow, high- 
amplitude, 2-Hz spike-and-wave activity is present, mainly over the posterior areas, with generalized discharges. 





N 


Fig 2.—Case 1. Unenhanced compu 
weighted magnetic resonance image 
left) and coronal cut (right). The centrum semiova 
isointensity. 


was sometimes accompanied by axial tonic 
seizures. 

Neurologic examination of the patient 
showed no focal deficit; the occipitofrontal 
circumference was 53 cm. Severe intellectu- 
al impairment was evident (intelligence quo- 
tient, 46). The clinical course was character- 
ized by persistence of polymorphic seizures 
despite antiepileptic treatment. 

The computed tomographic scan showed 
slightly dilated lateral ventricles. T,- and T.- 
weighted MRI scans (Fig 4) showed : a band of 
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subcortical tissue, of gray matter isointen- 
sity. The band extended from the frontal to 
the occipital regions and was separated from 
the cortex by a thin layer of white matter; 
this layer had normal interdigitations with 
the convolutions. The cortex had a normal 
convolutional pattern. 


COMMENT 


Magnetic resonance imaging studies 
of the two girls described here showed 


ted tomographic scan (top left): the cortex appears to be abnormally thick. T,- 
(repetition time, 2810 milliseconds; echo time, 50 milliseconds): axial cut (bottom 
le is partly occupied by a subcortical symmetrical band of gray matter 


an identical band of subcortical neuronal 
tissue separated from the cortex by a 
thin layer of white matter. This anomaly 
has recently been diagnosed with the 
help of MRI for the first time (to our 
knowledge) in living patients by Barko- 
vich et al.’ The neuronal migration dis- 


order now known as diffuse band hé 


erotopia, or “double cortex,” was 
described long ago by neuropatholo- 
gists. It was first noted in 1893 by Ma- 
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Fig 3.—Case 2. Electroencephalogram recorded at the age of 14 years. High-amplitude, 2-Hz spike-and- 
wave activity is present during wakefulness (left); a burst of diffuse, rapid, 10-Hz rhythmic spikes in nonrapid 
eye movement sleep (right). ECG indicates electrocardiogram; R Delt, right deltoid muscle; L Delt, left deltoid 
muscle; and Resp, respirations. 


tell’ in a woman with epilepsy and slight 
psychomotor retardation. At autopsy, 
the patient’s brain was found to have a 
symmetrical subcortical neuronal layer. 
In the 1930s Jacob*’ reported other 
cases, and his review of the literature 
identified 20 patients with evidence of a 
symmetrical band of subcortical neu- 
rons. Clinical data—scarce in all cases 
and dating from pre-EEG times—were 
only available for 15 cases, 14 of which 
involved mental retardation; and nine, 
epileptic seizures. Two further cases 
were subsequently described by Wiest 
and Hallervorden.’ Both patients were 
mentally retarded, one severely; the 
second patient also had epilepsy. Stew- 
art et al” described a patient with se- 
vere mental retardation and frequent 
seizures with an early onset. 

Band heterotopia and other diffuse 
““Weuronal migration anomalies, such as 

agyria and macrogyria, are caused by an 





Fig 4.—Case 2. T,-weighted magnetic resonance images (repetition time, 380 milliseconds; echo 
s 5 time, 15 milliseconds). Coronal (left)) and sagittal (right) cut. A continuous symmetrical band of 
arrest in migration of neuroblasts from tissue isointense with the cortex is present, separated from the cortex by a thin layer of white 
the subependymal periventricular ger- matter. 
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minal matrix to the cortex, via the radial 
glial fibers.***” As a result of this pro- 
cess, the neurons reach maturity in an 
ectopic location. In band heterotopia, 
the arrest of neuronal migration is sym- 
metrical and diffuse. The cortex may 
display various gyric patterns: in some 
cases, it is macrogyric and appears to be 
divided into four layers; in others, the 
gyri are normal and the cortex is subdi- 
vided into six layers.**°” 

In 1989 Barkovich et al’ described five 
patients with diffuse subcortical hetero- 
topia: all five had mental retardation 
and intractable epilepsy; two had tono- 
clonic seizures; two had partial complex 
attacks; and one had infantile spasms. 
Magnetic resonance images showed a 
symmetrical band of subcortical tissue 
of gray matter-like intensity. In two 
cases, the overlying cortex had a normal 
convolutional pattern; the others had 
macrogyria. 

More recently, Livingston and Ai- 
cardi” described two patients with dou- 
ble cortex MRI appearances; the over- 
lying cortex was normal. Both patients 
had slight intellectual impairment that 
was associated with the onset of epilep- 
sy in late infancy. Their epilepsy was 
characterized by tonic seizures that re- 
sponded well to treatment. The EEGs 
in Livingston and Aicardi’s patients, as 
in ours, lacked the rapid, diffuse 
rhythms typical of agyria and macro- 
gyria“ and exhibited generalized parox- 
ysmal activity with a slow background 
rhythm. 

In 1989, Marchal et al” described two 
patients with a neuronal migration dis- 
order that they termed generalized cor- 
tical dysplasia. Both of their patients 
had severe intractable epilepsy, which 
began in infancy and was accompanied 
by mental retardation. The MRI scans 
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showed a thickened cortex; the superfi- 
cial and deeper layers had different sig- 
nal intensity; and gray and white matter 
were hardly distinguishable. One pa- 
tient underwent a brain biopsy, which 
showed poor demarcation between the 
fifth and sixth layers and a large array of 
heterotopic neurons in the superficial 
white matter. The different MRI signal 
intensities in the superficial and deep 
cortical layers and the presence of biop- 
sy-demonstrated neuronal heterotopia 
suggest that generalized cortical dys- 
plasia may be a diffuse anomaly of neu- 
ronal migration similar to double 
cortex. 

In our two patients, the presence of 
severe epilepsy characterized by tonic 
seizures, atonic seizures, and atypical 
absence attacks, features that were as- 
sociated with a characteristic EEG pat- 
tern (diffuse slow spike-and-wave dis- 
charges, diffuse rapid rhythmic bursts 
in nonrapid eye movement sleep, and 
slow background rhythm), fits a diagno- 
sis of the Lennox-Gastaut syndrome ac- 
cording to the Classification of Epilep- 
sies and Epileptic Syndromes." Both 
patients had seizures with an early on- 
set (18 months and 10 months) and sub- 
sequently developed an epileptic en- 
cephalopathy. Since the first year of 
life, both patients had a mental retarda- 
tion, which worsened at the onset of the 
Lennox-Gastaut syndrome. The Len- 
nox-Gastaut syndrome is thought to be 
a nonspecific response of the 1- to 
7-year-old brain to a diffuse or multifo- 
cal lesion.’ In our patients, the pres- 
ence of mental retardation and the com- 
puted tomographic evidence of slight 
ventricular dilatation before the onset 
of the Lennox-Gastaut syndrome led to 
a diagnosis of the secondary form, but 
MRI alone demonstrated the presence 
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of band heterotopia. 

The association between Lennox- 
Gastaut syndrome and neuronal migra- 
tion disorders has already been de- 
scribed. The neuropathologic features 
of the Lennox-Gastaut syndrome have 
been fully reviewed by Roger and Gam- 
barelli-Dubois.” They found 30 cases of 
Lennox-Gastaut syndrome in autopsy 
studies; nine had major neuronal migra- 
tion disorders, and three of these also 
had neuronal heterotopia. One of the 
three, already described by Viani et al” 
in 1977, had clinical features similar to 
those of the present cases; in this pa- 
tient the Lennox-Gastaut syndrome 
had an early onset and was accompanied 
by severe mental retardation. The EEG 
showed slow, continuous, diffuse spike- 
and-wave activity. At autopsy the brain 
of this child, who died at the age of 
6 years because of status epilepticus, 
had diffuse neuronal heterotopia con- 
sisting of a subcortical band of hetero- 
topic neurons, arrayed symmetrically in 
the centrum semiovale of the two hemi- 
spheres. The heterotopic bands were 
separated from the cortex by a thin lay- 
er of white matter formed of U fibers; 
the cortex had diffuse slight macrogyria 
with microgyria of the occipital lobes. 
This is probably the first observation of 
the Lennox-Gastaut syndrome in a pa- 
tient with double cortex. 

The MRI evidence of double cortex 
abnormality in two female patients with 
Lennox-Gastaut syndrome, and the ex- 
istence of an identical association in 
Viani’s case, suggests that this neuronal 
migration anomaly may also be respon- 
sible for other cases of Lennox-Gastaut 
syndrome, in which computed tomogra- 
phy has failed to identify a cause. 
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The H-reflex to Magnetic Stimulation of Lower-Limb Nerves 


Yu Zhu, MD; Arnold Starr, MD; Su Hwan Su, MD; K. George Woodward, MD; Scott Haldeman, MD 


è We elicited H-reflexes by magnetic and 
electrical stimulation of several different 
nerves in 10 healthy subjects and two pa- 
tients with S-1 radiculopathy. The posterior 
tibial nerve at the popliteal fossa and the 
femoral nerve at the inguinal ligament were 
tested with both electrical and magnetic 
stimulation; the proximal sciatic nerve was 
tested only with magnetic stimulation. Mus- 
cle activity was recorded from the soleus 
muscle for posterior tibial and sciatic nerve 
stimulation and from the vastus medialis 
muscle for femoral nerve stimulation. No sig- 
nificant difference was found between the 
latency of H-reflexes evoked by magnetic or 
electrical stimulation. With magnetic stimu- 
lation, the mean (+ SD) la sensory fiber con- 
duction velocity in the proximal segment of 
the sciatic nerve was 72.4 + 3.3 m/s, while the 
motor nerve fiber conduction velocity in the 
same portion of the nerve was significantly 
slower, at 60.6 + 2.0 m/s. In two patients with 
unilateral S-1 radiculopathy, the latency of 
the H-reflex from the soleus muscle to both 
magnetic and electrical stimulation of the 
posterior tibial nerve was absent or pro- 
longed on the affected side. Magnetic stimu- 
lation can be used to study the H-reflex and la 
fiber conduction velocity and is particularly 
advantageous when testing deeply located 
nerve trunks. 

(Arch Neurol. 1992;49:66-71) 


H offmann’ originally described the 

electrically induced monosynaptic 
reflex (H-reflex) occurring in calf mus- 
cles of humans on stimulation of the pos- 
terior tibial nerve at the popliteal fossa. 
The afferent limb of the reflex is mediat- 
ed by group I sensory fibers of muscle 
origin, with the lowest threshold to elec- 
trical stimulation.” Magladery and 
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McDougal’ reported that afferent Ia fi- 
bers had a 10% faster conduction veloci- 
ty than those of motor efferent axons. 
The H-reflex has subsequently been 
used to measure the conduction time in 
the proximal segment of the peripheral 
nerve and to study the excitability of 
motor neurons in the spinal cord.“ With 
the recent development of magnetic 
stimulation as a method to stimulate 
nerves, numerous studies of magnetic 
activation of motor fibers within mixed 
nerves in the upper limbs*" and motor 
nerve roots at the cervical or lumbar 
regions have been conducted.” The 
extremely short duration of the mag- 
netic stimulus has been assumed to be 
inadequate for direct Ia fiber excita- 
tion.” We tested Ia fiber responsive- 
ness in nerves of the lower extremity to 
magnetic stimulation with the use of 
H-reflexes. 


SUBJECTS AND METHODS 


Ten healthy subjects (six men and four 
women; age range, 29 to 44 years; height, 157 
to 192 em) participated in the study after 
giving informed consent. For soleus muscle 
H-reflex testing, the subjects lay relaxed ina 
prone position with a pillow placed under the 
ankles to maintain the knee joint at 120°. The 
skin temperature was maintained above 
34°C. Recording electrodes were Ag/AgCl 
disks (8 mm in diameter) placed 3 em apart 
over the soleus muscle belly, with their lead 
wires twisted together to reduce the ampli- 
tude of the stimulation artifact from the mag- 
netic coil. The potentials were amplified with 
a bandwidth of 15 Hz to 1.5 kHz. 

In all subjects, H-reflexes were elicited 
from stimulation of the posterior tibial nerve 
at the popliteal fossa with magnetic or elec- 
trical stimulation. Electrical stimulation was 
performed with bipolar electrodes placed 
2.5 cm apart with the cathode proximal. The 
duration of the rectangular pulse was 1 milli- 
second. Magnetic stimulation was delivered 
with a Cadwell MES-10 magnetic stimulator 
(Cadwell Laboratories, Inc, Kennewick, 
Wash). The edge of a circular coil with a focal 
point at its tip having a dimension of 9.5 cm or 


5.5 cm (hereafter referred to as the “9-cm 
coil” or the “5-cm coil”) was placed tangen- 
tially to the skin overlying the posterior tibial 
nerve. The middle of the contacting edge of 
the coil was placed at the site of the electrical 
cathode. A brief, 0.07-millisecond pulse, up 
to 3000 V at maximal output, was passed 
through the coil by the discharge of capaci- 
tors. The changing magnetic field induced 
electrical currents within the tissue. Peak 
magnetic flux intensity at the center of the 
coils is approximately 2.0 T.“ The intensity 
of the magnetic stimulus was raised until a 
maximal H-reflex was elicited. The onset la- 
tency of the H-reflex and the M wave was 
defined to the initial deflection. Peak-to-peak 
amplitudes of the potentials were measured. 
The maximal amplitudes of the H-reflex 
(H,,,,) were defined with magnetic and elec- 
trical stimulation. The maximal amplitude of 
the M wave (M,,,,) was defined with electrical 
stimulation but could not be achieved with 
magnetic stimulation, even with 100% 
output. 

A comparison of soleus muscle H-reflexes 
with the use of magnetic coils 9 and 5 cm in 
diameter was performed in six subjects. Ina 
comparison of magnetic and electrical stimu- 
lation, the 9-cm coil was used in all 10 sub- , 
jects. The effect of the direction of current 
flow in the 9-cm coil on the latencies and 
amplitudes of the M waves or H-reflexes was 
studied in four subjects with the edge of the 
coil placed tangentially to the skin overlying 
the posterior tibial nerve at the popliteal fos- 
sa. The current flow in the section of the edge 
of the coil covering the nerve was defined as 
either rostral or caudal. 

In two of the subjects, electrical stimula- 
tion with very short durations of 0.1, 07, 0.05 
and 0.04 milliseconds was also applied to the 
posterior tibial nerve at the popliteal fossa to 
compare the thresholds of the H-reflex and 
the M wave response as a function of stimulus 
duration. The effect of vibration on the soleus 
muscle H-reflex was studied in two subjects 
during magnetic stimulation. Vibration was 
produced by activating a rod that had a 4-cm 
diameter ring at its tip. The ring was applied 
onto the Achilles tendon. The frequency of 
the vibration was 60 Hz. ~ 

In two patients with unilateral S-1 radicu- 
lopathy confirmed by magnetic resonance 
imaging or during operation, the soleus mus- 
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Fig 1.—H-reflexes from soleus muscle in a healthy subject elicited by magnetic stimulation (top left) and by electrical stimulation 
(top right) to the posterior tibial nerve at the popliteal fossa. The res 
recorded. The maximal amplitude of the M wave (M 
Vibration at 60 Hz to the Achilles tendon significant! 


ponses to progressively increasing stimulus intensities were 
) was not obtained by magnetic stimulation at maximal stimulus output. 
y decreases the amplitude of the H-reflex (top middle). The maximal 
) obtained by the two forms of stimulation have different amplitudes and different associations 
bottom left, bottom middle). The stimulus duration shows a significant influence on 


the H-reflex threshold/M wave threshold ratio (bottom right). Negativity at grid 1 of the amplifier for compound muscle action 
potentials is displayed upward in this and all subsequent figures. 


cle H-reflex was tested on both sides. 

In five subjects, the H-reflex from the 
quadriceps muscle was tested with magnetic 
and electrical stimulation to the femoral 
nerve in the inguinal region. The subjects 
were relaxed and in the supine position. The 
femoral nerve was stimulated with a 9-cm 
coil for magnetic stimulation and with a pair 
of surface electrodes for electrical stimula- 
tion. The recording disk electrodes were 
placed 1.5 em apart over the vastus medialis 
muscle. 

In seven subjects, magnetic stimulation at 
several points along the sciatie/tibial nerve 
extending from the low back down to the 
midealf was performed to elicit the H-reflex. 

he sciatic/tibial nerve was stimulated at the 

rst sacral vertebra, the midpoint of the glu- 
teal fold, the posterior thigh between the 
gluteal fold and the popliteal fossa, the popli- 
teal fossa, and the belly of the gastrocnemi- 
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us. For stimulation of the S-1 nerve root, the 
edge of the coil was placed over the first 
dorsal sacral foramen on the side tested, 
which was about 2 em from the median sacral 
crest. The distances between the stimulation 
sites were measured with a tape. The con- 
duction velocities of Ia sensory fibers and 
motor nerve fibers at the segment between 
the popliteal fossa and the S-1 level of the 
spinal column were calculated. For the calcu- 
lation of Ia sensory fiber conduction velocity 
(IaCV), the distance from the stimulus site at 
the popliteal fossa to the first dorsal sacral 
foramen was divided by the peak latency 
difference of the soleus muscle H-reflexes 
recorded from stimulation of the sciatic 
nerve at the popliteal fossa and the first dor- 
sal sacral foramen. For the calculation of mo- 
tor nerve fiber conduction velocity (MCV), 
the same distance between the two stimula- 
tion sites was divided by the difference be- 


tween the onset latency of soleus muscle M 
waves obtained from the two stimulating 
sites. 


RESULTS 
9-cm Coil vs 5-cm Coil 


With both coils, magnetic stimulation 
of the posterior tibial nerve at the popli- 
teal fossa evoked an H-reflex in the so- 
leus muscle in six subjects tested ( Fig 1, 
top left). The H-reflex threshold was 
55% +2.6% for the 9-em coil and 
66% +2.5% for the 5-cm coil (P<.05). 
There was no significant difference be- 
tween the latencies of the soleus muscle 
H-reflexes evoked by the two magnetic 
coils (29.5+1.7 milliseconds for the 
9-em coil vs 29.6+1.8 milliseconds for 
the 5-em coil). 
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Direction of Current Flow in the Coil 


The direction of current flow in the 
coil affected the amplitude of the M 
wave and H-reflex responses but not 
their latencies (Fig 2). In five subjects 
studied, the M wave had a significantly 
higher amplitude when current flow in 
the coil was directed rostrad rather than 
caudad (15.0% +3.2%, P<.05). The la- 
tency of both the M wave and the 
H-reflex was not affected by the direc- 
tion of current flow. A rostrad current 
flow was used in all subsequent studies. 


Stimulation Intensity and the Amplitude 
of the H-reflex and the M Wave 


When the magnetic coil was placed 
over the posterior tibial nerve at the 
popliteal fossa, the stimulus strength 
necessary to produce an H-reflex was 
slightly higher than that to produce an 
M wave response (Fig 1, top left). In 10 
subjects, the threshold for soleus mus- 
cle H-reflex from stimulation of the pos- 
terior tibial nerve at the popliteal fossa 
was 55% +2.6% of the maximal output 
compared with 48.5%+2.8% of the 
maximal output for the threshold of the 
M wave response (P<.05). It is appar- 
ent from Fig 1, top left, that with just 
suprathreshold stimulation, only a mini- 
mal M wave response occurred at a la- 
tency of 6 milliseconds before the ap- 
pearance of the H-reflex. With 
progressively stronger stimulation, the 
M wave increased and the H-reflex ap- 
peared. Further increases in stimulus 
intensity were accompanied first by a 
progressive increase in the amplitude of 
both M wave and H-reflex responses 
and then by a decline in the H-reflex 
amplitude, while the M wave continued 
to increase. The H,,,, usually appeared 
at a stimulus intensity approximately 
70% to 85% of the maximal output. The 
H-reflex decreased in amplitude with 
further increases in the stimulus output 
(Fig 1, bottom middle). In contrast, 
H-reflex thresholds were consistently 
lower than M wave thresholds with elec- 
trical stimulation pulse durations of 
1.0 milliseconds (Fig 1, top right and 
bottom left). In two of the subjects test- 
ed, H-reflex thresholds were also lower 
than M wave thresholds with electrical 
stimulus durations of 0.5, 0.1, and 0.07 
milliseconds. while at a stimulus dura- 
tion of 0.04 milliseconds, the M wave 
and H-reflex responses appeared at the 
same threshold (Fig 1, bottom right). 
The amplitude of the H-reflex was sig- 
nificantly reduced (P<.01) when vibra- 
tion at 60 Hz was applied to the Achilles 
tendon during magnetic stimulation of 
the posterior tibial nerve (Fig 1, top 
middle). 
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Fig 2.—Effect of reversal of current flow in a 9-cm round magnetic coil during magnetic stimulation 
of the posterior tibial nerve at the popliteal fossa. Each tracing represents the mean of three 


responses. 


Table 1.—Soleus H-reflex From Stimulation to the Posterior Tibial 
Nerve at the Popliteal Fossa * 


Difference 
Between Two 
Sides, m/s mV 


Latency, 
m/s 


Difference 
Between Two 
Sides, mV 


Amplitude, 





Magnetic 
stimulation 

Electrical 
stimulation 


30.7 + 2.5 


30.6 + 2.3 
*Values are mean + 1 SD in 10 healthy subjects. 





A soleus muscle M,,,, was never ob- 
tained with magnetic stimulation of the 
posterior tibial nerve at the popliteal 
fossa. The maximal amplitude of the so- 
leus muscle M wave obtained with mag- 
netic stimulation was approximately 
70% of the M,,,, defined by electrical 
stimulation. The soleus muscle H, ob- 
tained with magnetic stimulation was 
approximately 40% to 60% of the Hax 
elicited from electrical stimulation. 


Normal Values for Latency and Amplitude 
of the Soleus Muscle H-reflex 


Normal values for the latency and am- 
plitude of the soleus muscle H-reflex 
elicited by magnetic stimulation to the 
posterior tibial nerve at the popliteal 
fossa and the interside difference are 
shown in Table 1. The onset latencies for 
both the H-reflex and the M wave did 
not change with stimulus strength or 
direction of the current flow in the coil 
(Figs 1 and 2). No significant difference 
was found between absolute latencies 
(Fig 3, left) and interlimb latency differ- 
ences (Table 1) of the soleus muscle 


0.7 + 0.5 


0.6 + 0.5 


H-reflex to magnetic and electrical 
stimulation. The amplitude of H,,,. eli- 
cited by magnetic stimulation was sig- 
nificantly lower (P<.01) and showed a 
wider range of differences, both be- 
tween subjects and between the two }_ 
limbs, than the H,,,, elicited by electrical ~ 
stimulation. 


Stimulation Along the Sciatic Nerve 


Magnetic stimulation with the 9-em 
coil excited both Ia sensory fibers and 
motor nerve fibers at different sites 
along the length of the sciatic/tibial 
nerve (Fig 4). In all seven subjects test- 
ed, H-reflexes from soleus muscle were 
easily recorded from stimulation of the 
sciatic/tibial nerve at the first sacral 
vertebra, the posterior aspect of the 
thigh between the gluteus and the popli- 
teal fossa, the popliteal fossa, and the 
belly of the gastrocnemius. In three of 
the subjects who were relatively thin, 
H-reflexes were also reliably recorded 
when magnetic stimulation was appli- 
at the midpoint of the gluteal fold. / 
H-reflexes were never obtained when 
the coil was placed over the gluteus 
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Fig 3.—The latencies of the soleus muscle H-reflex from magnetic stimulation of the posterior tibial 
nerve at the popliteal fossa (left) and the quadriceps muscle H-reflex from stimulation of the femoral 
nerve at the inguinal region (right). Each point represents results from a single subject. 





Fig 4.—Soleus muscle H-reflexes elicited by magnetic stimulation at different points along the 
length of the sciatic/tibial nerve. Note the progressive increase in M wave latency and decrease in 
the H-reflex latency as the stimulation was moved in the rostral direction. No H-reflex was recorded 
when stimulation was applied to the nerve segment under the gluteus maximus muscle. 
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maximus (second tracing from the top in 
Fig 4). It was not possible to elicit an 
H-reflex with the 5-em coil following 
stimulation at sites other than the popli- 
teal fossa. 


Magnetic Stimulation of 
Sacral Nerve Roots 


In all seven healthy subjects tested, 
magnetic stimulation with the 9-em coil 
to the S-1 nerve roots at the sacrum 
usually produced a complex of respons- 
es that consisted of two distinct compo- 
nents: the M wave and the H-reflex. The 
difference between the peak latency of 
these two major components was ap- 
proximately 6 milliseconds. Figure 5 
shows the responses from soleus muscle 
with the use of magnetic stimulation ap- 
plied to the S-1 vertebra at different 
stimulus intensities. An H-reflex occur- 
ring in isolation from the M wave re- 
sponse was elicited with a stimulus in- 
tensity at 80% (the bottom tracing in 
Fig 5). The thresholds of the H-reflex at 
this stimulus site were lower than that 
of the M wave response in the three 
subjects tested. 


laCV and MCV 


Table 2 shows that the IaCV was 
18.9% faster than MCV in the segment 
between the popliteal fossa and the first 
sacral vertebra in seven healthy sub- 
jects. During sacral nerve root stimula- 
tion, it was difficult to define the onset 
latency of the H-reflex in four cases be- 
cause the H-reflex was partially contig- 
uous with the preceding M wave. The 
peak latency of the major negative 
phase of the H-reflex was measured to 
calculate the IaCV. In three subjects 
with a clear onset of the H-reflex, the 
IaCV measured to the peak of the major 
negative phase showed no significant 
difference from that measured to the 
onset of the H-reflex. 


Quadriceps Muscle H-reflex 
in Healthy Subjects 


A quadriceps muscle H-reflex was ob- 
tained bilaterally in four of the five sub- 
jects tested with both magnetic and 
electrical stimulations (Fig 6). In two 
subjects, H-reflexes could be recorded 
when the subjects were relaxed. In the 
other two subjects, facilitation from vol- 
untary contraction of the muscle tested 
was needed to obtain an H-reflex with 
both magnetic and electrical stimula- 
tion. In the fifth subject, a quadriceps 
muscle H-reflex was obtained on one 
side with facilitation but could not be 
obtained on the other side. No signifi- 
cant difference was noted in the latency 
of the quadriceps muscle H-reflex be- 
tween magnetic stimulation (18.5+0.9 
milliseconds) and electrical stimulation 
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Fig 5.—The response complex of the H-reflex and M wave from the 
soleus muscle in a healthy subject elicited by magnetic stimulation of the 
S-1 root. Note the stability of the peak latency of the H-reflex and the 
onset latency of the M wave compared with the significant variation in 
their amplitudes. The peak latency interval between the H-reflex and M 
wave responses was 6.6 milliseconds. At 80% of maximal stimulation, an 
H-reflex was recorded without a preceding M wave (bottom tracing). 





Table 2.—la Sensory Fiber and Motor Nerve Fiber Conduction Velocity 
in the Sciatic /Tibial Nerve Segment Between the Popliteal Fossa 
and the S-1 Vertebra (m/sec) 



































































Subject la Sensory Motor Nerve 
No. Fiber (laCV) * Fiber (MCV)t MCV/laCV, % 
1 73.6 60.5 82.2 
2 75.4 59.6 79.0 
3 76.0 (75.4)t 63.3 83.3 
4 74.4 60.7 83.9 
5 70.5 (70.0)t 57.8 82.0 
6 66.6 (67.3)t 59.0 88.6 
7 70.2 63.1 89.9 
Range 66.6 - 76.0 57.8 - 63.3 79.0-89.9 
Meant 72.4 + 3.3 60.6 = 2.0 84.1+ 3.8 





* Values represent latency measured to the peak of the major negative phase. laCV indicates la sensory fiber 


conduction velocity. 


+Values represent latency measured to the onset of the response. MCV indicates motor nerve conduction ve- 


locity. 
Values are mean + 1 SD in seven subjects. 


(18.4+0.6 milliseconds) (Fig 3, right). 
The mean threshold of the quadriceps 
muscle H-reflex by magnetic stimula- 
tion was 75.0% + 3.0%. In each case, the 
threshold of the quadriceps muscle 
H-reflex was higher than that of the M 
wave. 


Soleus Muscle H-reflex in S-1 Radiculopathy 


In one patient, the H-reflex was ab- 
sent on the affected side with both mag- 
netic and electrical stimulation. In an- 
other patient, the latency of the 
H-reflex on the affected side was 3 milli- 
seconds longer than on the other side, 
which was beyond the upper limit value 
(1.7 milliseconds). 
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COMMENT 
Latency of the H-reflex 


We examined the suitability of mag- 
netic stimulation to elicit the H-reflex. 
This study was prompted by our previ- 
ous finding that Ia afferent fibers can be 
activated by magnetic stimulation of the 
muscle or nerve trunk.” Our results 
show that there is no difference be- 
tween the latencies of the H-reflex pro- 
duced by magnetic and electrical stimu- 
lation of selected nerves in the lower 
extremities. The latencies of the H-re- 
flex evoked by magnetic stimulation are 
stable over a range of intensities, sug- 
gesting that the Ia nerve fibers that are 





Fig 6.—The H-reflex from the vastus medialis muscle elicited by 
magnetic stimulation to the femoral nerve at the inguinal region in a 
healthy subject. 


activated initially are large with fast 
conduction velocities. This result is sim- 
ilar to that obtained by Cros et al,“ who 
observed that the large-diameter, fast- 
conducting motor fibers are activated 
by magnetic stimulation before slow 
conducting ones. Our finding that the 
latencies of both H-reflex and M wave 
responses showed little shift when the 
current flow in the coil is reversed is 
believed to be secondary to the biphasic 
configuration of the major complex of 
the induced voltage flow produced by 
the Cadwell MES-10 magnetic stimula- 
tor 


laCV 


One advantage of magnetic stimula- 
tion is the ease with which an H-reflex 
can be elicited from a deep nerve, such 
as the sciatic nerve in the thigh or the 
sacral nerve roots, which are difficult to 
test with percutaneous electrical stimu- 
lation. The use of magnetic stimulation 
to evoke H-reflexes may help to reveal 
lesions in proximal segments of periph- 
eral nerve, plexus, and root. The ability 
to stimulate multiple sites along the 
nerve by the magnetic coil allows a sepa- 
rate calculation of proximal segmental 
conduction velocities along Ia sensory 
and motor nerve fibers. The IaCV at the 
segment between the popliteal fossa 
and the S-1 sacral foramen (72.4 +3.3 
m/s) averages approximately 19% high- 


er than the MCV (60.6 +2.0 m/s) in tht 


same segment of sciatic nerve (calculat- 
ed as 72.4—60.6/60.6 = 19%). Different 
values for the IaCV in humans have 
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been reported. Using needle electrodes 
to stimulate the sciatic nerve in the pos- 
terior aspect of the thigh and surface 
electrode at the popliteal fossa, Magla- 
dery and McDougal’ reported a value of 
60.4 m/s at the segment between the 
popliteal fossa and the site 9 em proxi- 
mal, whereas Mayer and Mawdsley” re- 
ported a value of 82.6 m/s between the 
popliteal fossa and the site 20 cm proxi- 
mal. The value at the segment between 
the popliteal fossa and the S-1 sacral 
foramen reported here is compatible 
with the measurement of 72.2+4.2 m/s 
at the same segment attained with an 
indirect method derived from a record- 
ing of both the H-reflex and the F wave 
of the gastrocnemius.” The different 
values of the IaCV reported in these 
studies may be due to the different tech- 
niques used or the different segments of 
the sciatic nerve tested. 


Quadriceps Muscle H-reflex 
to Magnetic Stimulation 


Several features support the concept 
that the late potential recorded from the 
vastus medialis muscle with magnetic 
stimulation is an H-reflex opposed toa F 
response. The H-reflex is recorded at 
submaximal stimulation intensity for 
the M wave and is greatly facilitated by 
voluntary contraction of the muscle 
tested. The waveform is constant in la- 
tency, with an amplitude of several mil- 
livolts. The clinical usefulness of the 
quadriceps muscle H-reflex has been 
limited because of the inconsistency in 
obtaining this reflex by electrical stimu- 
lation. This was believed to be due to the 
relatively deep location of the femoral 
nerve at the inguinal region compared 
with the posterior tibial nerve at the 
popliteal fossa.” Our study shows that 
magnetic stimulation has no particular 
- advantage over electrical stimulation in 
eliciting an H-reflex from the quadri- 
ceps muscle. 


Hima and May 


M.a could not be achieved by magnet- 
ic stimulation to the posterior tibial 
nerve at the popliteal fossa. H, ob- 
tained by magnetic stimulation was 40% 
to 60% of the H. to electrical stimula- 
tion. Thus, the magnetic stimulator we 
used was unable to provide a reliable 
measurement of H.,,,/M,,,, as an index of 
the excitability of a motor neurons or 
the degree of damage to the axons of the 
sciatic nerve.” 


H-reflex Threshold to 
Magnetic Stimulation 


The fact that the soleus muscle H- 
reflex threshold is usually higher than 
the M wave threshold with magnetic 
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stimulation of the posterior tibial or 
femoral nerves suggests that magnetic 
stimulation applied to a mixed nerve 
activates Ia afferents at a higher thresh- 
old than motor nerve fibers. This obser- 
vation is in agreement with that of other 
studies showing that magnetic stimula- 
tion can preferentially activate motor 
but not sensory axons. "” This is in con- 
trast to electrical stimulation (usually of 
0.2 to 1.0 milliseconds in impulse dura- 
tion) of the nerve, which activates sen- 
sory axons at lower stimulus levels than 
needed to activate motor axons. The 
differences in thresholds between sen- 
sory and motor nerve fiber activation to 
magnetic and electrical forms of stimu- 
lation are likely due to differences in 
their stimulus duration: with magnetic 
activation, the stimulus is extremely 
brief (0.05 milliseconds), whereas for 
electrical activation, the stimulus is 
usually of longer duration.”” Thus, 
when electrical stimulus duration was 
reduced to 0.04 milliseconds in our 
study, the thresholds for H-reflex and 
M wave became the same. One excep- 
tion to this is that when magnetic stimu- 
lation was applied to the sacral nerve 
roots at the sacral region, the threshold 
of the H-reflex was lower than that of 
the M wave in three subjects tested. 
This may reflect the separation of senso- 
ry and motor fibers into distinct roots in 
this region. 

The clinical usefulness of magnetic 
stimulation to elicit H-reflexes is sug- 
gested by the abnormal findings we ob- 
served in the two patients tested in our 
study who clearly had S-1 radiculo- 
pathy. 
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© We investigated the adherence of T cells 
to human umbilical vein endothelial cells in 
seven patients with human T-lymphotropic 
virus type | (HTLV-l)-associated myelopathy. 
The adherence of T cells to endothelial cells 
increased significantly in all the patients with 
HTLV-I-associated myelopathy when com- 
pared with the adherence in the seronegative 
controls (1.3- to 2.8-fold) and compared with 
the adherence in the anti-HTLV-I-seroposi- 
tive non-HTLV-l-associated myelopathy 
carriers (1.4- to 2.8-fold). Prior treatment of 
the endothelial cell monolayer with recombi- 
nant interferon gamma (50 IU/mL) enhanced 
the T cell-endothelial cell adhesion in both 
the controls and patients with HTLV-l-asso- 
ciated myelopathy. However, values after pri- 
or treatment in the patients with HTLV-I-as- 
sociated myelopathy were significantly 
higher than those in seronegative controls 
and carriers. The results suggest that the 
significantly increased T cell—endothelial 
cell adherence may be related to the initial 
stages of lymphocyte migration from the 
blood to the central nervous system in pa- 
tients with HTLV-I-associated myelopathy. 

(Arch Neurol. 1992;49:74-76) 


ince Osame et al’ proposed the new 
clinical entity human T-lymphotro- 
pic virus type I (HTLV-I)-associated 
myelopathy (HAM), a number of stud- 
ies have demonstrated virological and 
immunological abnormalities with re- 
gard to its pathogenesis. The virological 
approach has revealed that the viral ge- 
nome found in the cerebrospinal fluid T 
cells of patients with HAM is identical to 
that present in patients with adult T-cell 
leukemia.”’ Moreover, Yoshida et al’ 
have reported increased replication of 
HTLV-I in the peripheral blood lym- 
phocytes (PBLs) of patients with HAM. 
We have demonstrated that the in- 
creased amounts of HTLV-I proviral 
DNA inthe PBLs of patients with HAM 
are caused by the persistent active rep- 
lication of HTLV-I in HAM.’ 

Immunological abnormalities in pa- 
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tients with HAM also have been shown. 
Itoyama et al“? reported an increase in 
the number of activated T cells and the 
spontaneous proliferation of PBLs in 
patients with HAM. Usuku et al’ pro- 
posed that high immune responsiveness 
to HTLV-I is an HLA haplotype—linked 
phenomenon. Jacobson et al’ demon- 
strated similar immunological abnor- 
malities in patients with HTLV-I-asso- 
ciated tropical spastic paraparesis. 
Because of these reports, immune 
mechanisms based on the active replica- 
tion of HTLV-I are believed to be in- 
volved in the pathogenesis of HAM. Al- 
though pathological studies of HAM 
have shown perivascular cuffing of lym- 
phocytes and lymphocyte infiltration to 
the parenchyma of the spinal cord,” the 
interaction between T cells and the en- 
dothelial cells (ECs) of the vessels is the 
first step that triggers the immunologi- 
cal process and inflammation in the cen- 
tral nervous system (CNS). This inter- 
action can be studied in an in vitro model 
that measures the binding of chromium 
51-labeled human T cells to human um- 
bilical vein EC monolayers. Herein, we 
report our analysis of the adherence of 
T cells to ECs (T-EC adherence) in pa- 
tients with HAM. 


PATIENTS AND METHODS 
Patients 


The subjects were seven patients with 
HAM (two men and five women; mean age, 
61.9 years; age range, 46 to 78 years). The 
diagnosis of HAM was based on the criteria 
described by Osame et al." The controls were 
five anti-HTLV-I-seropositive non-HAM 
carriers (HTLV-I carriers) (one man and 
four women; mean age, 58.8 years; age 
range, 54 to 64 years) and five anti-HTLV- 
I-seronegative healthy subjects (healthy 
controls) (one man and four women; mean 
age, 62.2 years; age range, 50 to 74 years). 
These controls had no neurological abnorm- 
alities. 


Preparation of Human ECs 


Human ECs were obtained from umbilical 
veins by enzymatic digestion as described 
elsewhere, with some modifications.” 
Briefly, after umbilical veins infused with 
100 mg/L of collagenase (Sigma Chemical Co, 
St Louis, Mo) had been incubated at room 
temperature, the detached ECs were 
flushed out with phosphate-buffered saline. 
The cells were suspended in RPMI 1640 sup- 
plemented with 20% fetal bovine serum 
(GIBCO, Grand Island, NY), 25 mg/L of EC 


growth supplement (Sigma Chemical Co), 
5 mg/L of heparin, and antibiotics, and then 
they were cultured in Petri dishes previously 
coated with fibronectin (Sigma Chemical 
Co). Endothelial cells from the third or 
fourth passage were used. The cells were 
confirmed to be ECs from their characteris- 
tic structure (a cobblestone appearance un- 
der phase-contrast microscopy) and by an 
immunohistochemical method (the avidin-bi- 
otin immunoperoxidase technique with a 
mouse monoclonal anti-human von Wille- 
brand factor). More than 99% of the EC prep- 
arations were stained by this antibody. 


Separation of T-Cell Population 


Peripheral blood mononuclear cells were 
separated from heparinized venous blood by 
Ficoll-Conray density gradient centrifuga- 
tion. The adherent cells were removed from 
the mononuclear cells by incubating the cell 
suspensions in Petri dishes for 2 hours at 
37°C, after which the T cell-enriched popula- 
tion was prepared by rosetting the nonadher- 
ent cells with 5% sheep red blood cells (Nip- 
pon Biotest Laboratory, Tokyo, Japan). An 
analysis of the purity of the T cell-enriched 
population made with anti-CD2, anti-CD20, 
and anti-MY4 monoclonal antibodies (Coul- 
ter Immunology, Hialeah, Fla) showed that 
there were more than 95% T cells, less than 
1% monocytes, and less than 1% B cells. This 
T cell-enriched population was designated as 
T cells for these experiments. 


EC Monolayer Adhesion Assay 


The adhesion of T cells to an EC monolayer 
was investigated as described elsewhere,” 
with modifications." Briefly, ECs (2x 10°, 
per well) were cultured for 24 hours in qua-‘a 
druplicate on fibronectin-coated, 96-well, 
flat-bottomed microtiter plates with or with- 
out 50 IU/mL of recombinant interferon 
gamma (Shionogi Co, Osaka, Japan). After 
incubation, each EC monolayer was washed 
thoroughly with RPMI 1640 supplemented 
with 5% fetal bovine serum (assay medium). 
The T cells obtained were radiolabeled with 
sodium chromate (Amersham International, 
Amersham, England) at 37°C for 2 hours. 
The chromium-labeled T cells were washed 
three times and suspended in assay medium 
at 1x 10° cells per milliliter, after which a 
0.2-mL sample was layered on an EC mono- 
layer. This mixture was incubated for 2 hours 
at 37°C in a humidified atmosphere of 5% 
carbon dioxide in air. The microwells then 
were gently washed five times with warm 
assay medium to remove all unattached T 
cells. The adherent T cells were lysed_b 
addition of 0.2 mL of a 1% solution of Trito 
(Nacalai Tesque, Inc, Kyoto, Japan). The 
percentage of binding of T-cells to EC was 
determined by the following formula: Per- 


{ 
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cent T-EC binding in lysate =(cpm in lysa- 
te/epm in original T-cell suspension) x 100. 
Several separate assays were performed. In 
each assay, T cells from patients with HAM 
were paired with those from age- and sex- 
matched controls. 


Statistical Analysis 


The two-tailed Student t test was used for 
the statistical analysis of the differences in 
results, P values of less than .05 being chosen 
as the level of significance. 


RESULTS 


The percentages of T-EC binding 
were higher in patients with HAM 
(range, 19.0% to 39.4%) when compared 
with those in controls (range, 9.0% to 
23.2%). As shown in Fig 1, top, the T- 
EC adherence of each patient with 
HAM was evaluated by the relative val- 
ue when the percentage of the T-cell 
binding of paired control to EC was tak- 
en as 100%. In each assay, the T-EC 
adherence was remarkably increased in 
all the patients with HAM (1.3- to 2.8- 
fold) compared with that in healthy 
controls. 

Endothelial cell monolayers were 
treated with interferon gamma (50 
IU/mL) for 24 hours to determine its 
effect on T-EC adhesion. This treat- 
ment did not increase the expression of 
the HLA-DR antigen on the ECs, which 
was less than 1.5%. Prior treatment of 
the EC monolayer with interferon gam- 
ma increased the percentage of T-EC 
binding in patients with HAM (range, 
32.0% to 42.3%) and in healthy controls 
(17.9% to 31.2%). The T-cell adherence 
to interferon gamma-treated ECs was, 
again, increased 1.3- to 2.2-fold in all the 
patients with HAM compared with that 
in healthy controls (Fig 1, bottom). 

To determine whether this increased 
T-EC adherence is a phenomenon 

« unique to patients with HAM, we did 
EC monolayer adhesion assays on cells 
from patients with HAM and HTLV-I 
carriers and compared the results. Ad- 
hesion was remarkably increased in the 
patients with HAM (1.4- to 2.8-fold) as 
compared with that in HTLV-I carriers 
(Fig 2, top). When interferon gamma- 
treated EC monolayers were used, T- 
cell adherence was increased 1.3- to 2.2- 
fold in all the patients with HAM com- 
pared with that in HTLV-I carriers (Fig 
2, bottom). 


COMMENT 


We have clearly demonstrated that 
T-EC adherence is significantly in- 
creased in patients with HAM in com- 
parison with the adherence in HTLV-I 

“t&rriers and healthy controls. This is an 
important factor in the study of the 
pathogenesis of HAM, because the ad- 
herence of T cells to ECs is the first 
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Fig 1.—Endothelial cell (EC) monolayer adhesion assay. The T cell-EC (T-EC) adhesion in the 
patient with human T-lymphotropic virus type I-associated myelopathy (HAM) was expressed as 
the relative value when the percentage of the T-EC binding in a paired healthy control was taken as 
100%. Top, Adhesion assay for untreated ECs. Bottom, Adhesion assay for ECs previously treated 
with recombinant interferon gamma (50 IU/mL). The T-EC adherence of individual patients with 
HAM was significantly different in comparison with that for the healthy controls (P<.001, asterisks). 
Values are means and SDs (expressed by the bars at top of the columns), percentage of 


quadruplicate. 


event in lymphocyte migration from the 
blood to the CNS. Cerebral endotheli- 
um that constitutes the blood-brain bar- 
rier is different in many ways from ex- 
tracerebral endothelium, and these 
differences especially appear in the 
unique structural features; for example, 
the intercellular fenestrations in the 
CNS are further plugged by astrocytic 
processes. In the area of T-EC adhe- 
sion, however, unstimulated and inter- 
feron gamma-stimulated human umbili- 
cal vein ECs behave similarly to rat 
cerebral ECs." The main pathological 
findings in HAM are chronic inflamma- 
tion characterized by perivascular cuff- 
ing of the lymphocytes and parenchy- 
mal lymphocytic infiltration accom- 
panied by foamy macrophages and the 
proliferation of astrocytic and fibrillary 
gliosis.” Although the mechanisms of 
lymphocyte migration into the brain are 
largely unknown, the increased T-EC 
adherence suggests that this is the ini- 


tial trigger of the trafficking mecha- 
nisms of lymphocytes to the CNS. 

The EC monolayer adhesion assay, 
the model of the interaction between T 
cells and ECs, is regulated by several 
cytokines. Haskard et al“ reported that 
phorbol ester stimulation of T cells en- 
hanced T-EC adhesion. In this study, it 
was impossible to touch on a direct cor- 
relation between the extent of T-EC 
adherence and the numbers of activated 
T cells in patients with HAM, but the 
presence of activated T cells in the 
PBLs of patients with HAM’ may be 
related to this increased adherence. Yu 
et al“ reported that prior treatment of 
ECs with interferon gamma, a known 
product of activated lymphocytes, can 
enhance T-EC adhesion and suggested 
that this would constitute a positive 
feedback action of chronic inflammatory 
cells to increase the magnitude of the 
inflammatory focus. We found that this 
treatment enhanced the T-EC adhesion 
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Fig 2.—Endothelial cell (EC) monolayer adhesion assay. The T cell-EC (T-EC) adhesion in the 


patient with human T-lymphotropic virus type 
expressed as the relative value when the percen 


| (HTLV-I)-associated myelopathy (HAM) was 
tage of T-EC binding in paired HTLV-I carrier was 


taken as 100%. Top, Adhesion assay for untreated ECs. Bottom, Adhesion assay for ECs 
previously treated with recombinant interferon gamma (50 IU/mL). The T-EC adherence of 
individual patients with HAM was significantly different in comparison with that for the HTLV-I 
carriers: P<.001 (asterisk), P<.01 (dagger), P<.02 (double dagger), and P<.05 (section mark). 
Values are means and SDs (expressed by the bars at top of the columns), percentage of 


quadruplicate. 


in both the patients with HAM and the 
controls. This result suggests that prior 
treatment of ECs with interferon gam- 
ma has an additive effect on T-EC adhe- 
sion. Inthe inflammatory sites in HAM, 
interferon gamma produced from T cells 
may augment the adhesion of lympho- 
cytes to endothelium. 

Recent studies have shown that sys- 
temic diseases other than those of the 
neurological systems (brochopneumon- 
opathy,” polyarthropathy,” ocular in- 
volvement,” Sjögrens syndrome,” 
myositis,” ete) are sometimes compli- 
cated with HAM. As indicated by these 
diseases, HTLV-I infection may involve 
organ-specific autoimmune or inflam- 
matory diseases. If so, the increased T- 
EC adherence in patients with HAM 
may be a major factor in the triggering 
of HTLV-I-associated disease. 

It is not clear whether the pathogene- 
sis of HAM is due to slow virus infection 
by HTLV-I in the CNS or to CNS in- 
volvement based on immunological ab- 
normalities triggered by HTLV-I infec- 
tion. Although recent studies have 
shown that HTLV-I is in a highly active 
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replicative state in patients with HAM, 
both in the peripheral blood and CNS,*~ 
it is still not known how this abnormali- 
ty causes chronic myelopathy. The pre- 
sent study demonstrates for the first 
time the significantly increased T-EC 
adherence, which may be related to the 
initial stages of lymphocyte migration 
from the blood to the CNS in patients 
with HAM. Further investigation is 
needed to determine which kinds of lym- 
phocyte population (eg, activated or 
HTLV-I-infected T cells) and adhesion 
molecules are related to T-cell adhesion 
to ECs in patients with HAM. 
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Headaches in Children Younger Than 7 Years of Age 


Mary Lynn Chu, MD, Shlomo Shinnar, MD, PhD 


è Headache in young children is frequent- 
ly a cause of concern to parents and physi- 
cians. We have reviewed our experience with 
104 children with onset of headaches prior to 
7 years of age seen by age 9 years. Head- 
aches could be classified in more than 90% of 
cases. The most common headache type in 
this population referred to a child neurolo- 
gist was migraine that constituted 75% of the 
cases. Seventy-two of 78 cases were com- 
mon migraine. Posttraumatic headaches ac- 
counted for an additional 12%. Associated 
symptoms such as autonomic signs, nau- 
sea, and vomiting were common, particularly 
in the migraine group. Neuroimaging studies 
when performed did not reveal any signifi- 
cant abnormalities. Other laboratory tests 
were also generally unhelpful. No child has 
gone on to develop new neurologic abnor- 
malities or evidence of an intracranial tumor. 
We conclude that even in young children 
headaches are generally benign. Even in this 
population, neuroimaging studies have a 
very low yield in the absence of other symp- 
toms and findings and are not always 
indicated. 

(Arch Neurol. 1992;49:79-82) 


Primary headaches in the pediatric 

population are relatively common 
but problems in classification arise 
when younger children are involved. 
This is especially true in the population 
younger than 7 years of age, since accu- 
rate description of pain is difficult to 
obtain. Headaches in this age group are 
of particular concern, as this is an age 
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group when posterior fossa brain tu- 
mors are most common. Physicians and 
parents alike are therefore concerned 
about the young child with headaches. 
Surprisingly, few studies have focused 
on headaches in the young children." 
We have reviewed our experience over 
the last several years with a large num- 
ber of young children with headaches 
who presented to the child neurologist 
for evaluation. Even in this age group, 
migraine is the most common diagnosis. 
No child who presented for evaluation of 
headaches with a normal neurologic ex- 
amination was found to have a brain 
tumor. 


SUBJECTS, MATERIALS, AND METHODS 
Study Population 


Subjects consisted of 104 children with on- 
set of headaches before 7 years of age who 
were seen by a neurologist before 10 years of 
age. The patients were identified via a com- 
puterized database of all pediatric neurology 
patients, which is maintained by one of us 
(S.S.). The children were all seen at Monte- 
fiore Medical Center (Bronx, NY) and the 
private practices of the pediatric neurology 
division of the Albert Einstein College of 
Medicine (New York, NY) between J uly 
1983 and July 1989. For the last 2 years of the 
study children were identified prospectively 
at the time of their initial visit. There were 32 
patients seen at the Montefiore Headache 
Unit, 19 patients seen at the Montefiore Pe- 
diatric Neurology Clinic, and 53 private pa- 
tients. We considered only children who 
were examined by 9 years of age to decrease 
the bias of studying a skewed population with 
more chronic and severe headaches. 


Headache Characteristics 


A review of the charts was undertaken by 
one of us (M.L.C.). Attention was focused on 
the age of onset and description of the head- 
aches (type, location, severity, mode of on- 
set, duration, and frequency), precipitating 
factors and factors that produce relief, aura, 
family history, associated symptoms, cause, 


and classification of headaches. More than 
70% of cases were seen by one of us (S.8.) 
either directly or as the clinic attending phy- 
sician. Children with abnormal neurologic 
examinations were included if the presenting 
complaint was headaches and the abnormali- 
ties were found by the neurologist. Children 
referred for evaluation of neurologic deficits 
and headaches were excluded. A follow-up of 
these cases was made via telephone inter- 
view when needed to complete the data. 
Headaches were classified according to a 
modification of the ad hoc committee on clas- 
sification of headache“ (Table 1) except in 
the case of migraine where the diagnostic 
criteria of other authors,’*” which are more 
suitable for young children, were used as 
outlined below. Classification of the head- 
ache was made jointly by both of us based on 
review of the headache characteristics, 

Clinical diagnoses of childhood migraine in 
this study was based on Vahlquist’s” diag- 
nostic criteria with minor modifications sug- 
gested by later authors.” The criteria in- 
clude recurrent headaches, separated by 
symptom-free intervals, in conjunction with 
three or more of the following six symptoms: 
()abdominal pain, nausea, or vomiting with 
the headache, (2) hemicranial headaches, (3) 
a throbbing, pulsatile quality of pain, (4) com- 
plete relief after a brief period of rest, (5) an 
aura, either visual, sensory, or motor, or (6) a 
history of migraine headaches in one or more 
members of the immediate family. These cri- 
teria are consistent with, but not identical to, 
the recently adopted headache classification 
and diagnostic criteria of the International 
Headache Society. The International Head- 
ache Society criteria that were adopted after 
the study had begun are not completely suit- 
able for children.” 


Data Analysis 


Data were analyzed using standard statis- 
tical methods. “ The descriptive statistics in- 
cluded the relative incidence of different 
headache types, associated symptoms, and 
age distribution. x’ statistics and t tests were 
used. Significances for 2-by-2 tables were 
calculated using Fischer's Exact Test. All P 
values were computed using two-tailed 
distributions. . 
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Table 1.—Headache Classification 
















Headache Type No. (%) 
Vascular, nonmigrainous TEO 
Vascular, migrainous 78 (75) 

Common migraine 72 

Classic migraine 2 

Complex migraine, 

confusional 1 

Migraine variant 3 
Muscle contraction 2 (2) 
Posttraumatic 12 (12) 
Psychogenic 2 (2) 
Unclassifiable 


Total 


Male Female Total 





RESULTS 
Population Characteristics 


A total of 104 children met the criteria 
for inclusion in this study. The mean age 
at onset of headaches was 4.8 years 
(range, 0.2 to 6.9 years). The age distri- 
bution is shown in Table 2. In children 
with a very young age of onset, recogni- 
tion of the nature of the events was 
often only possible retrospectively 
based on the associated autonomic phe- 
nomena and irritability. Forty-two of 
the children (40%) had the onset of head- 
aches prior to 5 years of age. There was 
no sex predilection for the occurrence of 
headaches. 


Classification of Headaches 


The headaches could be classified in 
95 of the cases (91%) (Table 1). Migraine 
headaches were the predominant head- 
ache type accounting for 75% of the chil- 
dren. In this young population, common 
migraine was most common. There was 
one case of confusional migraine. The 
three children with migraine variants 
included two with cyclical vomiting, and 
one with paroxysmal vertigo. Interest- 
ingly, headaches were associated with a 
recent history of head trauma in 12 
cases. The head trauma was usually 
mild involving transient or no loss of 
consciousness. Headaches started with- 
in a few days of the trauma and were 
sometimes also associated with sleep 
disorders. Duration of the headaches 
was several months to years. We note, 
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Table 3.—Headache Characteristics * 


No. (%) 























Migraine, (n = 78) Others (n = 26) Total 
Throbbing / pounding 40 (51) 3 (12) 43 (41) 
Sharp/stabbing 6 (8) 2 (8) 8 (13) 
Constant / dull 1 (1) 1 (4) 2 (3) 
Pressure / heaviness 3 (3) 2 (8) 5 (8) 
Steady ache 8 (10) 1 (4) 9 (14) 















Unable to describe / unknown 








23 (30) 
* A few patients have more than one type of headache. 


Table 4.—Associated Symptoms 








17 (65) 40 (38) 





No. (%) 





































































Symptom Migraine (n = 78) Others (n = 26) Total (n = 104) 
Vomiting 43 (55) 5 (19) 48 (57) 
Nausea 36 (46) 2 (8) 38 (37) 
Photophobia 21 (27) (0) 21 (20) 
Pallor 18 (23) 1 (4) 19 (18) 
Vertigo / dizziness 12 (15) 4 (15) 16 (15) 
Anorexia 10 (13) 3 (12) 13 (13) 
Phonophobia 11 (14) 1 (4) 12 (12) 
Abdominal pain 8 (10) 3 (12) 11 (11) 
Eye pain/redness 8 (10) ie) 8 (8) 
Drowsy after 6 (8) 1 (4) 7 (7) 











No associated symptoms 8 (10) 





however, that transient posttraumatic 
headaches would not have been includ- 
ed in this study of chronic headaches. 
The majority of these cases did not in- 
volve potential litigation. The two cases 
described as psychogenic involved a 
child with major depression presenting 
as headache and a child using headaches 
as an attention-getting device in the 
context of family problems. Other types 
of headache were rare. 


Headache Characteristics 


More than 60% of children were able 
to describe their headache (Table 3). A 
throbbing headache was the most com- 
mon, occurring in 63% of children who 
were able to describe their headache 
and 73% of children with migraine who 
were able to give a description. 

Ninety-one (88%) children were able 
to localize their headaches. Headaches 
were described as bifrontal in 69 cases 
(66%), bitemporal in 14 (13%), occipital 
in eight (8%), vertex in five (5%), and 
diffuse in nine (9%). Hemicranial head- 
aches were present in only four chil- 
dren, three of whom met the diagnostic 
criteria for migraine. There were no dif- 
ferences in the localization of the head- 
aches between children with migraine 
and those with other headache 
syndromes. 

Auras were relatively uncommon in 
this population. They were present in 13 








11 (42) 19 (19) 





(17%) of the children with migraine, 
nine of whom had scotoma, and in none 
of the 28 other children. Note, however, 
that young children may be unable to 
report an aura. 


Associated Symptoms 


Associated symptoms occurred in 
81% of the children (Table 4). The most 
common were vomiting (57%), nausea 
(45%), photophobia (25%), pallor (23%), 
and vertigo or dizziness (15%). Other 
less common symptoms included low- 
grade fever in four cases of migraine, ™ 
two children each with syncope or star- 
ing, and one child each with tinnitus or 
osmophobia. Associated symptoms oc- 
curred in 70 (90%) of children with mi- 
graine compared with 15 (58%) of 26 
children with other types of headache 
(P<.005). Vomiting, nausea, photopho- 
bia, and pallor were significantly more 
common in children with migraine 
(P<.005). 


Trigger Factors 


The most common trigger factors 
were physical fatigue and emotional 
stress (Table 5). Trigger factors were 
reported in 42% of the children and were 
somewhat more common in children 
with migraine. In particular, fatigez,> 
heat, and food ingestion were much 
more common trigger factors in the mi- 
graine group, whereas emotional stress 
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No. (%) 


Table 5.—Trigger Factors j 
- 


Factor 


Migraine (n = 78) 


Others (n = 26) Total (N = 104) 





Physical fatigue 13 (17) 


1 (4) 14 (14) 





Emotional stress 8 (10) 


3 (12) 11 (11) 





Heat 6 (8) 


(0 6 (6) 





5 (6) 


Intake of certain food 


o 5 (5) 





Car ride 2 (2) 


2 (8) 4 (4) 





Missing a meal 1(1) 


1(4) 2 (2) 





Certain posture (0) 


1 (4) 1 (1) 





Sleep deprivation 1(1) 


ie} 1 (1) 





Any trigger factor 36 (46) 


was a trigger factor in both groups. 
Headaches in association with specific 
foods such as chocolate were uncommon 
and occurred exclusively in the mi- 
graine group. The differences in trigger 
factors did not reach statistical 


significance. 
Family History 


A family history of migraine head- 
aches was present in 60 (58%) of the 
children, including 56 (72%) of those 
with migraines and four (15%) of those 
with other headaches (P<.0001). In ad- 
dition, there was a family history of non- 
migrainous headaches in five children, 
including three with migraine. A family 
history of seizures was present in eight 
children (four with migraine), including 
epilepsy in five cases and febrile sei- 
zures in three. 


Laboratory Studies 


Routine blood work such as a com- 
plete blood cell count, electrolyte levels, 
and liver function profile and urinalysis 
were frequently obtained by the refer- 
ring pediatrician and the results were 

«uniformly unrevealing. Forty-two chil- 
dren (40%) had additional investiga- 
tions performed. Twelve had skull 
roentgenograms (n=7) or sinus films 
(n=5) performed by the referring phy- 
sician, all of which were normal. One 
child had a lumbar puncture performed 
that was unremarkable. 

Twenty-five children had electroen- 
cephalograms performed, of which five 
were abnormal. Abnormal electroen- 
cephalograms were found in five chil- 
dren with migraine including two with 
cyclical vomiting, one with confusional 
migraine, and two with common mi- 
graine. In no case did the electroenceph- 
alographic findings alter the diagnosis 
or the therapy. 

Thirty children underwent computed 
tomographic scans (n= 23) or magnetic 
resonance imaging (n=7). Abnormali- 
ties were found in five cases. These in- 
cluded abnormal computed tomograph- 
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8 (31) 44 (42) 





ic scans in three children; one with 
nonmigrainous vascular headache who 
had a prior episode of meningitis associ- 
ated with an infarct, one in a child with 
posttraumatic headache who had imag- 
ing findings of the residua of an old sub- 
dural, and one in a child with congenital 
hydrocephalus, a ventriculoperitoneal 
shunt, and a dysmorphic brain. In all 
three cases, the children had previously 
known abnormal computed tomograph- 
ic scans and the current computed tomo- 
graphic scans were either unchanged or 
improved from the previous ones and 
did not reveal new pathologic findings. 
Abnormalities on magnetic resonance 
imaging were found in two children. 
One was a child with a history of tuber- 
culous meningitis and an abnormal com- 
puted tomographic scan whose magnet- 
ic resonance imaging did not reveal any 
new pathologic findings. The second 
was a normal child with an unspecified 
headache whose magnetic resonance 
imaging showed a small Chiari type 1 
malformation, which was not exerting 
pressure and that was believed to be 
incidental. 


COMMENT 


A frequently cited study of Swedish 
schoolchildren by Bille in 1962* showed 
that about 40% of children will have ex- 
perienced headaches by 7 years of age 
and 75% by 15 years. Migraine occurred 
in 1.4% of all children less than 7 years 
and this increased to 5.3% at 15 years. A 
smaller population of 50 children with 
migraine studied by Krupp and Fried- 
man? showed that 35% had onset before 
4 years. In our study, 75% of the chil- 
dren met the rather stringent criteria of 
Vahlquist and Hackzell’ and Vahlquist" 
and several other children had associ- 
ated symptoms such as nausea or vomit- 
ing that in older individuals would be 
associated with vascular headaches but 
did not meet the criteria to be included 
in the migraine group. This preponder- 
ance of patients with migraine reflects 
the fact that this is a population referred 


to the child neurologist whereas Bille’s 
study’ was obtained by surveying 
schoolchildren. Our population is thus 
skewed toward severe headaches. Nev- 
ertheless, the high proportion of mi- 
graine and the relative absence of other 
types of headaches were surprising. 

The clinical picture of migraine at- 
tacks at an early age differs somewhat 
from that seen in older children and 
adults. Common migraine was even 
more common than in older populations, 
auras were uncommon, autonomic 
symptoms were more pronounced, and 
the attacks were relatively brief. These 
findings are consistent with other series 
focusing on childhood migraine.****" 
The lack of sex predilection and the high 
rate of positive family history of mi- 
graine is also consistent with other stud- 
ies.°?- 

Neuroimaging studies were per- 
formed in many of the children and were 
almost uniformly negative. Of the five 
abnormal neuroimaging studies, four 
were in children with previously known 
neuroimaging abnormalities. While 
neuroimaging was clearly indicated in 
these children despite the absence of 
new neurologic findings except for 
headaches, no new abnormalities were 
found. The one abnormality found, a 
mild Chiari type 1 malformation with- 
out evidence of pressure or hydrocepha- 
lus, was believed to be incidental. No 
tumors were found in this young popula- 
tion and no child who had not undergone 
magnetic resonance imaging has subse- 
quently developed evidence of a brain 
tumor or other structural pathologic 
conditions. We included all children re- 
ferred for the evaluation of headaches. 
The absence of children with brain tu- 
mors and other serious pathologic find- 
ings in this young age group was there- 
fore initially surprising. However, it is 
not inconsistent with the recent litera- 
ture. Honig and Charney” reported on a 
series of children who presented with 
headaches as the first manifestation of a 
brain tumor. They recommended a 
neuroimaging study be strongly consid- 
ered in children younger than 5 years of 
age. Even in their series, however, the 
majority of these children already had 
other complaints and findings on neuro- 
logic examination at the time they ini- 
tially presented. Almost all the children 
had abnormal findings within a few 
months of presentation. We would 
therefore suggest that, while younger 
children require more careful evalua- 
tion, in the setting of a normal neurolog- 
ic examination, a story consistent with 
common or classic migraine and a family 
history of migraine, clinical observation 
of these children over time can safely 
replace neuroimaging. It should be 
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noted that, in this population, neuroi- 
- maging studies, while relatively safe, 
are not only expensive but also carry 
with them the additional risk of deep 
sedation. In cases where there is evi- 
dence of a focal neurologic deficit, even 
_ by history, or where there is any clinical 
suspicion of an underlying structural le- 
sion,” a neuroimaging study is manda- 
tory. In those cases, magnetic reso- 
nance imaging is now considered the 
imaging procedure of choice due to its 
superior ability to detect low-grade tu- 
mors and arteriovenous malformations 
as well as avoiding the risks of contrast 
injections. 
The other surprising finding in this 
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study was the number of children whose 
headaches began after head trauma. 
The issue of posttraumatic headaches in 
children is widely debated.” A pro- 
spective study of children with minor 
head trauma found a 7% incidence of 
posttraumatic headaches. While this is 
a low rate, minor head trauma is suffi- 
ciently common that it will result in a 
substantial number of children with 
headaches. In the majority of the chil- 
dren in our series, potential litigation 
was not an issue. Other symptoms of the 
posttraumatic syndrome” were usually 
not present. 

We conclude that the majority of 
young children presenting to a child 
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Intra-arterial Cisplatin-Associated Optic and Otic Toxicity 


Kenneth Maiese, MD; Russell W. Walker, MD; Ruth Gargan, MSN; Jonathan D. Victor, MD, PhD 


© Over a 22-month period, we investigated 
optic and otic toxicity accompanying intra- 
arterial cisplatin therapy. Baseline and serial 
neurologic and ophthalmologic examina- 
tions, visual evoked potentials, and brain- 
stem auditory evoked potentials were per- 
formed in six patients, aged 37 to 53 years. 
Patients received infraophthalmic intra-arte- 
rial cisplatin (60 mg/m?) every month for 
three to 10 treatments (mean, six treat- 
ments). Five of the six patients had progres- 
sive optic toxicity. In two patients, the visual 
evoked potential prolongation preceded 
acuity loss by at least 4 months. Two patients 
had evidence of otic toxicity by either brain- 
stem auditory evoked potential or click 
threshold and brain-stem auditory evoked 
potential. Intra-arterial cisplatin neurotoxic- 
ity may be significant in patients with already 
limited survival. Visual evoked potential and 
brain-stem auditory evoked potential should 
be used to monitor patients receiving poten- 
tially neurotoxic therapy. 

(Arch Neurol. 1992;49:83-86) 


C isplatin (cis-dichlorodiammine plati- 
num [II]) is used to treat both sys- 
temic and central nervous system 
(CNS) malignancies. It has a significant 
role in the treatment of testicular, ovar- 
ian, adrenal, lung, and bone tumors.' 
Cisplatin is also employed as an agent 
against neoplasms of the CNS. Some 
investigators have shown intra-arterial 
therapy to be efficacious in the treat- 
ment of malignant cerebral tumors.” 
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The administration of cisplatin is lim- 
ited by its toxie effects. Nephrotoxi- 


city,” nausea, vomiting,’ myelo- 
suppression,*” and peripheral 
neuropathy” occur frequently. Less 


commonly, systemic administration of 
cisplatin results in neurosensory hear- 
ing loss,” optic neuritis," optic disc 
edema,” cortical blindness, “ altered col- 
or vision,” papilledema,” encephalopa- 
thy,” and seizures.” 

In patients with CNS neoplasms, in- 
tra-arterial therapy is employed in an 
attempt to produce increased drug lev- 
els at the tumor site and reduce or elimi- 
nate systemic toxicity.” Yet, intra-arte- 
rial cisplatin administration is known to 
produce visual system toxic effects” 
and may also yield neurosensory hear- 
ing loss.” With progression, these toxic 
effects can limit the use of cisplatin as an 
antineoplastic agent in the treatment of 
aggressive CNS neoplasms. We there- 
fore elected to prospectively study pa- 
tients receiving intra-arterial cisplatin 
therapy to document not only the onset 
and progression of optic and otic toxicity 
but also to determine whether the toxic 
effects were restricted to the treated 
side. 


MATERIALS AND METHODS 
Patient Population 


Six patients with surgically proven oligo- 
dendroglioma (n = 1), anaplastic astrocytoma 
(n= 1), or glioblastoma multiforme (n = 4) re- 
ceived infraophthalmic intra-arterial cispla- 
tin as a part of a Memorial Sloan-Kettering 
Cancer Center (New York, NY) treatment 
protocol from 1987 through 1989 (Table 1). 
Informed consent was obtained after the na- 
ture of the study had been fully explained. 
There were three men and three women, 
aged 37 to 53 years. Five patients were treat- 
ed at the time of disease progression and one 
patient was treated at diagnosis. Radiation 
therapy (5500 to 6500 cGy) preceded cisplatin 
therapy by 2 to7 months in two patients and 2 
to 7 years in four patients. Two patients had 


previously received 200 mg/m’ of carmustine 
(BCNU) intravenously. 


Clinical Evaluation 


The study monitored optic and otic toxicity 
accompanying intra-arterial cisplatin thera- 
py. Clinical evaluation employed examina- 
tions that were readily available to the clini- 
cian and was not meant to represent an 
exhaustive study of the visual and auditory 
pathways. Clinical evaluation consisted of 
the neuro-ophthalmologic examination, visu- 
al evoked potential (VEP), and brain-stem 
auditory evoked potential (BAEP). The ex- 
aminations were performed prior to each in- 
fusion. Clinical evaluation included Snellen 
acuity (hand-held chart with correction), 
perimetry by confrontation, pupillary reac- 
tivity, ocular motility, and ophthalmoscopy. 
A loss of acuity was defined as a progression 
of two or more lines on the Snellen chart. 
Ophthalmoscopy was performed by an 
ophthalmologist. 

Pattern reversal VEPs (Nicolet CA 1000) 
were obtained prior to each treatment. The 
VEP was recorded as follows: O, referenced 
to C,, 1 Hz to 250 Hz filtering, two repeats of 
100 sweeps at 1.88 Hz, 1-m viewing distance, 
80 cd/m? luminance, 100% contrast, 15-de- 
gree field. In a control population for the 
pattern VEP, a check size of 0.25 degrees 
produced a response with a mean latency of 
107 milliseconds and 3 SDs represented a 
latency of 119 milliseconds. For 0.50-degree 
and 2-degree check sizes, mean P-100 latency 
was 100 milliseconds, with 3 SDs equal to a 
latency of 112 milliseconds. A change in la- 
tency of 8 milliseconds or more within an 
individual patient was considered to be sig- 
nificant.“ 

Brain-stem auditory evoked potentials 
(Nicolet CA 1000) were measured at 65 dB 
above click threshold by standard clinical 
methods (ears referenced to C,, 150 Hz to 
3000 Hz filtering, two repeats of 2000 sweeps 
at 11.1 Hz, rarefaction clicks). Normal aver- 
age values and 3 SDs for latencies were as 
follows: wave I, 1.8+0.5 milliseconds; wave 
III, 3.9+0.7 milliseconds; and wave V, 
5.7 +0.8 milliseconds. A change of a 0.5-milli- 
second latency for an individual patient was 
considered to be significant on the basis of 
laboratory norms. 
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Prior to each treatment, serum urea nitro- 
gen and creatinine were determined to verify 

































. ; ES Patient/ Pathologic Prior Prior Cisplatin  ———————— 
Tea ea feas os ae Age, y/Sex Findings WBRT Carmustine Infusions VA VEP BAEP 
to cisplatin administration. The internal ca- 1/37/M Oligodendroglioma Yes No 10 NL NL NL 
rotid artery was cannulated ipsilateral to the 2/45/F Glioblastoma Yes Yes 3 Dror NL 
tumor site via a transfemoral approach under 3/41/M Glioblastoma Yes Yes 4 DBT NL NL 
fluoroscopic guidance. The tip of the catheter 4/39/M Glioblastoma Yes No 7 NE. SDT DT 
was positioned inferior to the ophthalmic ar- 5/53/F Glioblastoma Yes No 6 DT NL DT 
tery and monitored under fluoroscopy 6/41/F Astrocytoma Yes No DT NL 





throughout the infusion. Heparin, 3000 IU, 
was administered intravenously. Cisplatin, 
60 mg/m”, was dissolved in 175 mL of 0.45% 


* WBRT indicates whole brain radiation therapy; VA, visual acuity; VEP, visual evoked potential; BAEP, brain- 
stem auditory evoked potential; NL, normal; and DT, deterioration. 


sodium chloride and infused over a 20-minute 
period. Blood pressure, heart rate, respira- 
tions, and temperature were assessed prior 
to and during drug administration. Treat- 
ments were performed monthly and ranged 
from three to 10 treatments, with a mean of 
six treatments. 


RESULTS 
Otic Toxicity 


Prior to drug administration, all pa- 
tients had normal click thresholds and 
BAEPs. Two of the six patients devel- 
oped evidence of otic toxicity during 
treatment with cisplatin (Table 1). One 
patient had prolongation in BAEP while 
the second patient developed abnormal- 
ities in both BAEP and click threshold. 

In patient 4 the latency of wave V on 
BAEP increased from 5.78 to 6.30 milli- 
seconds ipsilateral to the treated side. 
No significant increase in latency oc- 
curred contralateral to the treated side. 
This change in latency occurred over a 
treatment course of seven cycles. No 
deterioration in click threshold was 
noted. 

Patient 5 had evidence of hearing loss 
on both BAEP and audiogram following 
six cycles of cisplatin administration. 
On the treated side, latency of wave V 
increased from 5.80 to 6.52 millisec- 
onds. The BAEP latencies did not 
change significantly contralateral to the 
side of treatment but click threshold in- 
creased bilaterally. Click threshold in- 
creased from 30 to 60 dB on the treated 
side and click threshold increased from 
35 to 50 dB contralateral to the treated 
side. Increased click threshold was not- 
ed 3 months prior to prolongation in 
BAEP. 


Optic Toxicity 


None of the six patients experienced 
changes in perimetry, pupillary func- 
tion, ocular motility, or funduscopic ex- 
amination with cisplatin administra- 
tion. No patient developed papilledema. 
Yet, progressive optic toxicity was do- 
cumented by loss of visual acuity and/or 
increased VEP latency (Table 1). Nei- 
ther single modality documented all in- 
stances of the onset of cisplatin optic 
toxicity (Table 2). 
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Table 2.—Visual Acuity (VA) vs Visual Evoked Potential (VEP) in Detection of 
Cisplatin Optic Toxicity 


VA Change 


Treatment 
Patient Hemisphere 


VEP Change 
VA vs VEP 
Sensitivity 





1 Right 


VA = VEP 





Left 


VA = VEP 





Right 


VA > VEP 





Left 





VA < VEP 





Right 


VA > VEP 








Right 


Although patient 2 suffered bilateral 
loss of acuity and increased VEP laten- 
cy following three cycles of cisplatin 
therapy, optic toxicity initially occurred 
on the treated side. The time course of 
visual acuity deterioration paralleled 
VEP prolongation. On the treated side, 
acuity deteriorated from 20/20 to 20/50 
and VEP latency increased from 113 to 
152 milliseconds with 0.25-degree check 
size and from 105 to 151 milliseconds 
with 0.50-degree check size. On the con- 
tralateral side, visual acuity worsened 
from 20/20 to 20/70. The VEP latency 
increased from 120 to 134 milliseconds 
with 0.25-degree check size and from 
108 to 126 milliseconds with 0.50-degree 
check size. 

Following four cycles of cisplatin 
therapy, patient 3 experienced bilateral 
loss of visual acuity. The deterioration 
was equal in both magnitude and time 
course, resulting in an acuity change 
from 20/20 to 20/40 bilaterally. No pro- 
longations in VEP were noted. 

Patient 4 completed seven cycles of 
cisplatin and experienced no loss of visu- 
al acuity. Yet, the patient suffered pro- 
longation of VEP initially on the treated 
side and then subsequently contralater- 
al to the treated side. On the treated 
side, VEP duration increased from 107 
to 140 milliseconds (0.25-degree check 
size) and from 101 to 125 milliseconds 
(0.50-degree check size). Contralateral 
to the treated side, the VEP was pro- 
longed from 110 to 121 milliseconds 
(0.25-degree check size) and from 100 to 


VA < VEP 


115 milliseconds (0.50-degree check 
size). 

Patient 5 experienced bilateral loss of 
visual acuity following six cycles of cis- 
platin administration. Visual acuity loss 
occurred initially on the treated side. 
Visual acuity deteriorated from 20/25 to 
20/30 on the treated side and from 20/25 
to 20/40 contralateral to the treated 
side. No prolongation in VEP was 
found. 

Prior to cisplatin therapy, patient 6 
suffered from chronic bilateral retinal 
disease of unknown cause. Since VEP 
check sizes of 0.25 degrees and 0.50 de- 
grees were small and unreliable in this ™ 
patient, a 2-degree check size was em- 
ployed. Deterioration in both visual 
acuity and VEP was documented over a 
course of five cycles of cisplatin. Ipsilat- 
eral to the treated side, visual acuity 
deteriorated from 20/100 to 20/200. The 
VEP latency was prolonged from 99 to 
122 milliseconds (2-degree check size). 
The flash latency was unchanged. The 
prolongation in VEP latency occurred 1 
month prior to visual acuity loss. Con- 
tralateral to the treated side, baseline 
visual acuity consisted of finger count- 
ing and was not altered by cisplatin ad- 
ministration. Baseline VEPs were ab- 
sent on the contralateral side. The flash 
latency, however, subsequently in- 
creased from 120 to 160 milliseconds_- 
during cisplatin therapy. th 


COMMENT 
Otic toxicity is a well-documented 
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complication of systemic cisplatin thera- 
py. Damage occurs within the organ of 
Corti and the stria vascularis.”” Otic 
toxicity that occurs with intravenous 
administration has been shown to be 
dose dependent,” present bilaterally 
with high-dose bolus administration," 
and occurs with increased incidence in 
the elderly” and in patients with prior 
otologic disease.“ Initial hearing loss 
has been shown to occur with ultrahigh 
frequencies of 9000 Hz and above with 
doses ranging from 20 to 225 mg/m’ via 
intravenous administration. Progres- 
sive hearing loss of lower frequencies 
also occurs with repeated doses. ®™ Ir- 
reversible bilateral deafness has been 
associated with intracarotid and verte- 
bral artery cisplatin administration.” 

Two of the six patients who received 
intra-arterial cisplatin therapy in our 
study developed subsequent otic toxic- 
ity (Table 1). The toxic effects appeared 
to involve both central and peripheral 
auditory pathways. Patient 4 did not 
experience any change in click thresh- 
old but suffered clinically occult prolon- 
gation of BAEP in wave V on the treat- 
ed side suggesting _ brain-stem 
involvement. In contrast, patient 5 re- 
ported progressive bilateral hearing 
loss during treatment with intra-arteri- 
al cisplatin therapy. This was docu- 
mented by a loss of click threshold sensi- 
tivity as well as a central latency delay 
of wave V on the treated side. The 
BAEP prolongation in this patient may 
be a consequence of the peripheral hear- 
ing loss, since the change in BAEP la- 
tency was detected 3 months following 
deterioration of click threshold. 

Infraophthalmic, intra-arterial cis- 
platin administration has been associat- 
ed with ipsilateral retrobulbar neuri- 
tis,” ipsilateral retinal pigmentation, 

~ cavernous sinus disease,” retinal necro- 
sis,” and bilateral visual impairment.’ 
Supraophthalmic administration of cis- 
platin can result in ipsilateral retinal 
infarcts,” ipsilateral optic nerve degen- 
eration,” and ipsilateral as well as bilat- 
eral Marcus-Gunn pupils.” 

Following infraophthalmic cisplatin 
therapy in our patient group, optic tox- 
icity consisted of visual acuity loss 
and/or VEP prolongation. None of our 
patients developed abnormalities of vi- 
sual fields, pupillary function, ocular 
motility, or ophthalmoscopie examina- 
tion. Refractive error alone cannot ac- 
count for the observed optic toxicity. 
For example, patient 4 experienced 
VEP prolongation but no loss of visual 

i aguity. In patient 2 who suffered both 
VEP prolongation and visual acuity 
loss, the loss of visual acuity that may be 
secondary to refractive error is insuffi- 
cient to account for VEP prolongation.” 
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Clinical examination and evoked poten- 
tials were complementary in document- 
ing the onset of optic toxicity (Table 2). 
In two patients, VEP prolongation pre- 
ceded visual acuity loss. In two other 
patients, visual acuity testing detected 
toxic effects prior to increased VEP la- 
tencies. In addition, visual acuity ex- 
amination and VEP concurrently de- 
tected optic toxicity in one patient 
bilaterally and in another individual 
unilaterally. 

Optic toxicity following intra-arterial 
cisplatin administration does not appear 
to be dependent on the method of ad- 
ministration. Both infraophthalmic and 
supraophthalmic artery administration 
result in optic toxicity.”* In addition, 
disease is not restricted to the side of 
treatment.*” In our study, four of five 
patients initially suffered optic toxicity 
on the treated side. Yet, with subse- 
quent treatments, all patients experi- 
enced bilateral optic toxicity. The optic 
toxicity was always bilateral by either 
visual acuity or VEP documentation. In 
patients 2 and 4, the optic toxic effects 
were worse on the treated side. Prolon- 
gation of VEP latencies on the untreat- 
ed side occurred subsequent to prolon- 
gation of VEP latencies on the treated 
side but it is unclear whether this repre- 
sents a cumulative dose effect or differ- 
ences in the temporal course of the cis- 
platin toxicity. 

Consistent with the findings of oth- 
ers,” the incidence or severity of optic 
toxicity was not dependent on the cumu- 
lative dose of cisplatin (Table 1). For 
example, the individual with 10 treat- 
ments suffered no toxic effects. In addi- 
tion, the cumulative dose in the remain- 
ing individuals was not related to the 
progression of visual acuity loss or in- 
crease in VEP latencies. The mecha- 
nism of neuronal injury following intra- 
carotid cisplatin administration is not 
well defined. Although a single adminis- 
tration of intra-arterial cisplatin (28 
mg/m’) in dogs results in a clinical neu- 
rologic deficit as well as cortical edema, 
hemorrhagic necrosis, and blood-brain 
barrier disruption ipsilateral to the 
treated side,” toxic effects may be sec- 
ondary to an idiosyncratic effect of the 
drug in humans, since disease may re- 
sult following one or multiple treat- 
ments at a dose of 60 mg/m’. 

Prior radiation therapy or intrave- 
nous carmustine administration did not 
appear to be acutely responsible for the 
optic toxic effects that we observed (Ta- 
ble 1). All patients received whole-brain 
radiation therapy and two patients re- 
ceived intravenous carmustine prior to 
treatment with cisplatin. With the ex- 
ception of one individual, all patients 
entered the study with essentially nor- 


a 


mal visual acuity and VEP examina- 
tions. Patient 6 suffered from bilateral 
retinal disease since birth. Treatment 
with radiation therapy may have wors- 
ened this patients visual acuity and 
VEP latencies. Yet, it is likely that this 
individual suffered further optic toxic- 
ity during therapy with intra-arterial 
cisplatin since this patient’s visual acu- 
ity had remained unchanged for years 
prior to receiving cisplatin. 

In experimental models as well as in 
human trials, cisplatin can be efficacious 
as a CNS antineoplastic agent.” Intra- 
arterial administration is a more attrac- 
tive modality, since increased drug lev- 
els are applied to the tumor site and the 
risk of systemic toxic effects is less- 
ened.” In our patient population, time 
to tumor progression during intra-arte- 
rial cisplatin therapy varied from 2 to 13 
months, with a mean of 6.2 months. Yet, 
otic and optic toxic effects may initially 
develop on the treated side and pro- 
gress to bilateral involvement with sub- 
sequent treatments. This toxicity can 
be an unacceptable result of intra-arte- 
rial cisplatin therapy and may lessen a 
patient’s overall quality of life. The de- 
velopment of significant otic and optic 
toxicity should limit further intra-arte- 
rial cisplatin administration unless ther- 
apy has proven to be beneficial and the 
consequences of toxicity are acceptable 
to the patient. Otic and optic toxicity 
associated with intra-arterial cisplatin 
therapy can be promptly detected and 
accurately followed through the com- 
bined use of visual acuity and evoked 
potential monitoring. The ability to doc- 
ument otic and optic morbidity with cis- 
platin administration can assist in pre- 
paring an effective treatment protocol 
for an individual patient. We recom- 
mend the use of visual acuity, VEP, and 
BAEP to monitor patients receiving po- 
tentially neurotoxic therapy. 


Dr Victor was supported in part by grant 1R01- 
EY7977 from the National Institutes of Health, 
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Establishing the Limits of the Mini-Mental State 


Examination of ‘Subtests’ 


Edward P. Feher, PhD; Roderick K. Mahurin, PhD; Rachelle S. Doody, MD; 
Norma Cooke, PhD; Jamie Sims; Francis J. Pirozzolo, PhD 


è Ithas been suggested that the Mini-Men- 
tal State examination can be used to examine 
a patient’s cognitive profile. We therefore ex- 
amined the validity of Mini-Mental State sub- 
tests and individual items. The memory item, 
attention-concentration items, and con- 
structional item had satisfactory sensitivity- 
specificity and correlated significantly with 
scores on neuropsychological tests. In con- 
trast, four of the five Mini-Mental State lan- 
guage items had very low sensitivity, and 
three of five failed to correlate with neuropsy- 
chological test scores. These findings estab- 
lish limits with regard to the ability of the 
Mini-Mental State to generate a cognitive 
profile. Our data also provide information re- 
garding validity, difficulty level, and optimal 
cutoff scores for widely used mental status 
tasks. 

(Arch Neurol. 1992;49:87-92) 


ental status assessment has 

changed significantly in recent 
years. The informal, unstructured men- 
tal status examination has been re- 
placed, to a large extent, by instru- 
ments such as the Mini-Mental State 
examination (MMS), Information- 
Memory-Concentration Test, Short 
Portable Mental Status Questionnaire, 
Cognitive Capacity Screening Exami- 
nation, and Neurobehavioral Cognitive 
Status Examination." Such structured 
tests offer important advantages: (1) 
they provide uniformity of assessment 
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across examiners; (2) they allow serial 
testing of a given patient to assess 
changes in mental status over time; (3) 
they provide quantitative measures of 
cognition that can be used for research 
purposes; and (4) they facilitate commu- 
nication among health care profession- 
als, in that scores on the test serve as 
useful brief descriptors of mental 
status. 

The most widely used of the mental 
status tests is the MMS.’ The wide pop- 
ularity of the MMS is due to its brevity 
(about 10 minutes) and the fact that it 
samples a range of cognitive functions 
(orientation, attention-concentration, 
memory, language, constructional abili- 
ty). The MMS has been much studied in 
the research literature, but from a nar- 
row perspective. Extant research stud- 
ies have focused on sensitivity and 
specificity of the MMS. (The former 
term refers to accuracy in identifying 
cognitive impairment when present; the 
latter term refers to accuracy in identi- 
fying nonimpaired subjects as “nor- 
mal.”) Research has shown that the 
MMS often fails to detect focal brain 
injury and resulting specific cognitive 
deficits."“° The MMS also fails to detect 
the subtle impairment present in the 
very early stages of Alzheimer’s dis- 
ease." In general, however, most re- 
search studies have reported acceptable 
levels of sensitivity and specificity.*°”” 

The present study investigated the 
validity of the MMS from a different 
perspective. Subtests and individual 
items of the MMS have not been exam- 
ined by careful research. Such research 
is needed for several reasons. First, the 
limitations of the MMS have not been 
well defined. Some studies have re- 


ferred to the MMSas a “thorough” men- 
tal status examination," implying that it 
can serve not only to detect dementia 
but also to describe a patient's abilities 
across cognitive domains. Indeed, a re- 
cent study compared the pattern of per- 
formance across MMS subtests in pa- 
tients with Huntington's disease and 
patients with Alzheimer’s disease and 
concluded that different cognitive pro- 
files were present." 

The use of the MMS to analyze a pa- 
tient’s cognitive profile has not been es- 
tablished. As mentioned, one common 
research finding is that the MMS often 
fails to detect focal deficits. Such a find- 
ing is not surprising, given that certain 
cognitive skills are assessed by a single 
item (eg, there is one constructional 
task, one repetition task, one auditory 
comprehension task, one memory task). 
Because of the restricted sampling of 
cognitive abilities, overinterpretation 
and misinterpretation can easily occur. 
For example, poor academic achieve- 
ment, and the resulting inability to per- 
form calculations or to spell a word 
backward, can lead to spurious conclu- 
sions about “concentration.” 

Many of the items of the MMS were 
drawn from the mental status examina- 
tion pioneered by Adolph Meyer.’ De- 
spite the long clinical use of such tasks 
as “three words at 5 minutes” and “seri- 
al 7s,” there has been little research 
establishing the validity (and limita- 
tions) of such tasks.*” For example, 
retention of three words at 5 minutes is 
the most common memory test used by 
neurologists and psychiatrists, but re- 
view of the literature reveals only a 
small number of validation studies. ®™" 
Likewise, the two attention-concentra- 
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Table 1.—Discharge Diagnoses 
and Number of Subjects With 
Each Diagnosis 


Diagnosis 


Alzheimer’s disease 
Multi-infarct dementia 

Multiple sclerosis 

Parkinson’s disease 

Traumatic head injury 
Amyotrophic lateral sclerosis 
Normal-pressure hydrocephalus 
Vasculitis 

Depressive pseudodementia 
Depression 

Alzheimer's disease + multiple infarcts 
Progressive supranuclear palsy 
Cerebrovascular accident 
Alcohol-related dementia 
Corticobasal degeneration 
Pituitary tumor 

Meningioma 

Complex-partial seizures 

Sleep apnea 

Conversion disorder 

No neurologic or psychiatric diagnosis 
Total 
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tion items of the MMS (serial 7s and 
spelling world backward) have been ex- 
amined by few studies,“ and there has 
been (to our knowledge) no study of the 
language “subtest” of the MMS. Re- 
cently, Giordani et al” compared perfor- 
mance on the MMS with performance on 
a neuropsychological test battery, but 
their approach was correlational ‘and did 
not address the sensitivity of MMS 
subtests. 

In the present study, we adminis- 
tered the MMS and a neuropsychologi- 
cal test battery to 76 consecutive pa- 
tients referred for evaluation of possible 
„dementia. The neuropsychological bat- 
tery paralleled individual items and 
subtests of the MMS. That is, for each 
_ item or subtest, we chose a neuropsy- 
chological test or tests assessing that 
same function. Our study was thus de- 
signed to provide information about the 
limitations of the MMS, ie, the extent to 
which subtests or individual items of the 
MMS adequately assess a given cogni- 
tive ability. 


SUBJECTS AND METHODS 
Subjects 


The subjects were 76 consecutive referrals 
to the Neuropsychology Service of the De- 
partment of Neurology, Baylor College of 
Medicine, Houston, Tex, for whom complete 
neuropsychological test batteries were avail- 
able. Mean age was 61.9 years (range, 22 to 
75 years). Mean education was 13.8 years 
(range, 10 to 20 years). There were 38 men 
and 38 women. All patients were native En- 
glish speakers and had adequate vision and 
hearing. 

Discharge diagnoses for the 76 patients are 
given in Table 1. The most common diagnosis 
was Alzheimer’s disease (33 subjects), re- 
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Tests 


Table 2.—Correlations Between MMS Items and Corresponding 
Neuropsychological Tests * 


Correlation 








Memory 
3 words at 5 min vs 
WMS-R Logical Memory 
WMS-R Paired Associates 
Attention-concentration 
Serial 7s vs 
TSAT time 
TSAT errors 
WAIS-R Digit Span 
Spelling world backward vs 
TSAT time 
TSAT errors 
WAIS-R Digit Span 
Language 
“Watch-pencil” vs Boston Naming Test 
“No ifs, ands, or buts” vs WAB Repetition 
3-step command vs WAB Commands 
“Close your eyes” vs WAB Reading 
“Write a sentence” vs WAB Writing Sample 
Constructional ability 
Overlapping pentagons vs 
WAIS-R Block Design 
WMS-R VR copy 
























* MMS indicates Mini-Mental State examination; WMS-R, Wechsler Memory Scale-Revised; TSAT, Test of 








54t 
-55t 


-59t 
-62t 
-53t 


-48t 
-69t 
-54t 


13 
.49t 
45t 
-20 


.56t 
.44t 


Sustained Attention and Tracking; WAIS-R, Wechsler Adult Intelligence Scale-Revised; WAB, Western Aphasia 


Battery; and VR, visual reproduction. 
tP < .001. 


flecting the fact that Alzheimer’s disease is 
the leading cause of dementia and reflecting 
referral patterns to our institution, which 
houses an Alzheimer’s Disease Research 
Center. The remaining patients had a broad 
range of neurologic diagnoses, plus there 
were three subjects who were considered to 
be free of neurologic disease. 

Mean MMS score for the subjects was 21.6 
(range, 11 to 30). Of the 76 subjects, 32 ob- 
tained a score below 24, the cutoff score most 
often used to indicate presence or absence of 
dementia. (As will be seen later, use of a 
cutoff score of 24 slightly underestimates the 
number of cases of dementia in our popula- 
tion; also see the final diagnoses in Table 1.) 


Procedure 


All tests were administered by a trained 
neuropsychology technician or by a clinical 
neuropsychology graduate student. Testing 
was completed in one session, except in cases 
of patient fatigue, in which case testing was 
divided into morning and afternoon sessions. 

Standard scoring and administration pro- 
cedures were followed for the MMS. The test 
of spelling world backward was only adminis- 
tered if the subject would not attempt serial 
7s or could not initiate the task adequately. 
The words used for three words at 5 minutes 
were ball, flag, and tree. Delayed recall of 
the three words was requested after comple- 
tion of serial 7s and spelling world backward, 
so the delay period varied somewhat from 
subject to subject. “No ifs, ands, or buts” was 
scored incorrect if any words were omitted, 
repeated incorrectly, or added, but omission 
of one s sound was not penalized (since many 
normal subjects do not adequately repeat all 
three s sounds). 

The neuropsychological test battery (and 
corresponding MMS items) is given in Table 


2. We did not compare the 10 orientation 
items of the MMS vs a neuropsychological 
test because few tests assess orientation in 
greater depth than the MMS. 

Standard scoring and administration pro- 
cedures were followed for the neuropsycho- 
logical tests. With one exception, all of the 
tests are widely used and well standardized. 
The Test of Sustained Attention and Track- 
ing (TSAT) has been validated and normed 
by us in unpublished studies (information 
available from the second author on request). 
The TSAT consists of commonly used (but 
heretofore unstandardized) tests of atten- 
tion-concentration, eg, days of the week for- 
ward and backward, months of the year for- 
ward and backward, counting backward 
from 20, serial subtraction by 3. The TSAT 
yields two scores: total number of errors and 
total completion time. 


RESULTS 


Two approaches were used to assess 
the validity and clinical usefulness of 
each MMS subtest. First, scores on each 
subtest were correlated with scores 
on corresponding neuropsychological 
tests, eg, number of words recalled at 5 
minutes was correlated with two sub- 
tests of the Wechsler Memory Scale- 
Revised (WMS-R). This approach pro- 
vides useful information, but a signifi- 
cant correlation may be obtained even 
though a given subtest is not sensitive 
to mild levels of impairment. For this 
reason, we also used a second approach 


of examining the sensitivity and speci® ` 


ficity of each MMS subtest. 
Assessment of sensitivity-specificity 
requires a “gold standard” to define ab- 
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normal performance. When a single 
neuropsychological test is used as a cri- 
terion, this standard is typically set asa 
score below the fifth percentile.” Be- 
cause normative samples differ across 
tests (eg, in age, level of education), the 
fifth percentile may represent a more 
stringent cutoff point for a given test 
than for another test. To circumvent 
this issue, we used multiple measures of 
sensitivity-specificity for each MMS 
subtest. That is, for certain MMS sub- 
tests we administered more than one 
corresponding neuropsychological test 
(eg, two memory tests). Alternatively, 
if only one neuropsychological test was 
administered (eg, we administered only 
one neuropsychological test of repeti- 
tion), sensitivity-specificity was deter- 
mined using more than one cutoff point 
(eg, first percentile, fifth percentile, 
10th percentile). 

For most MMS subtests, classifica- 
tion of performance as normal or abnor- 
mal is clear-cut. For example, the con- 
structional item is scored 1 (correct) or 0 
(incorrect). However, classification dif- 
ficulty does occur on a few tasks. For 
example, for three words at 5 minutes, 
should fewer than three correct be con- 
sidered impaired, or is fewer than two a 
more accurate cutoff score? The re- 
search literature is sparse, and the few 
available studies report conflicting re- 
sults." Because of lack of adequate re- 
search data, we will report results for 
more than one cutoff point for certain 
MMS subtests. 


Memory 


Correlations between the MMS mem- 
ory task (delayed recall of three words) 
and the neuropsychological tests are 
given in Table 2. The correlations are 
moderately large (r=.54 and .55) and 

are statistically significant (P<.001). 
>  Sensitivity-specificity of the MMS 
memory task is examined in Table 3. 
Data are given for two cutoff scores for 
the MMS (<3 correct and <2 correct). 
For the two neuropsychological tests, a 
score below the fifth percentile was de- 
fined as abnormal. The data indicate 
that sensitivity-specificity of the MMS 
memory task is satisfactory, given the 
brevity of this subtest. Not unexpected- 
ly, when a score below 3 is considered 
abnormal, sensitivity is high but speci- 
ficity is quite low. When a score below 2 
is considered abnormal, specificity is in- 
creased, but at the cost of decreased 
sensitivity. 


Attention-Concentration 


+ Correlations between the MMS items 
(serial 7s and spelling world backward) 
and the neuropsychological tests are 
given in Table 2. All are moderately 
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Table 3.—Sensitivity / Specificity of MMS Memory and 
Attention-Concentration Subtests* 











MMS Item: 
No. of Words Correct on “3 Words 
at 5 min” 












<5th percentile Logical Memory 











<5th percentile Paired Associates 











MMS Item: 
No. Correct on 7s and/or World 









<4 or <5 <4and <5 





























<5th percentile TSAT time 71/76 38/94 
<5th percentile TSAT errors 81/78 47/98 
<10th percentile Digit Span 73/62 55/91 





*MMS indicates Mini-Mental State examination; 7s, 






“serial 7s"; World, "spelling world backward"; and 


TSAT, Test of Sustained Attention and Tracking. Values are percentages, sensitivity / specificity. 


large (r= .48 to .69) and statistically sig- 
nificant (P<.001). 

Sensitivity-specificity data for the 
MMS attention-concentration subtest 
are given in Table 3. Because the MMS 
items are administered in combination 
(ie, spelling world backward is not ad- 
ministered unless the patient is unable 
to perform serial 7s), we considered the 
combined rather than the separate sen- 
sitivity-specificity of data for the two 
tasks. The research literature indicates 
that serial 7s is a more difficult task than 
spelling world backward?” but provides 
little information regarding choice of 
cutoff scores. We determined sensitiv- 
ity-specificity for two cutoff points: (1) 
fewer than four correct on serial 7s and 
fewer than five correct on spelling world 
backward and (2) fewer than four cor- 
rect on serial 7s or fewer than five cor- 
rect on spelling world backward. 

For the TSAT, a score below the fifth 
percentile was defined as abnormal. For 
Digit Span, which is a less sensitive 
measure than the TSAT, we considered 
a score below the 10th percentile to be 
abnormal. (Digits Backward is sensitive 
to cognitive decline but Digits Forward 
is less so,” accounting for the lesser sen- 
sitivity of the total Digit Span score, 
which combines scores for both Digits 
Forward and Digits Backward.) 

The data in Table 3 indicate that the 
more stringent MMS cutoff score (<4 
correct on serial 7s and <5 correct on 
spelling world backward) yields low 
sensitivity but high specificity. The cri- 
terion of fewer than four on serial 7s or 
fewer than five on spelling world back- 
ward produces adequate levels of both 
sensitivity and specificity. 

Language 

Results for the MMS language items 

are summarized in Tables 2 and 4. The 


MMS assesses the following language 
skills: naming, repetition, comprehen- 


sion, reading, and writing. Each of 
these will be discussed separately. 
Naming.—Because the MMS naming 
items (watch and pencil) are easy, any 
error indicates abnormal performance. 
For our neuropsychological measure 
(Boston Naming Test), a score below 
the fifth percentile was defined as im- 
paired. By this criterion, 25 of 76 pa- 
tients were dysnomic. On the MMS 
naming items, all 76 patients named a 
watch and pencil correctly. This finding 
indicates that the MMS is highly insen- 
sitive to naming impairment, although 
failure on the MMS items would of 
course be highly specific for dysnomia. 
It should be noted that low sensitivity 
of the MMS items could not be attribut- 
ed to rarity of dysnomia in our patients: 
33% (25/76) of our patients obtained a 
defective score on the Boston Naming 
Test. Furthermore, several of the pa- 
tients were severely dysnomic: seven 
patients named fewer than 30 items (of 
60); the average score for normal sub- 
jects is 55. 
Repetition.—Correlation between 
the MMS repetition item (“No ifs, ands, 
or buts”) and the Western Aphasia Bat- 
tery (WAB) Repetition subtest was 
r=.13 (P>.10). To examine sensitivity- 
specificity, a score below the fifth per- 
centile on WAB Repetition was deemed 
abnormal. Compared against this crite- 
rion, sensitivity of “No ifs, ands, or 
buts” was only 14%, indicating that the 
MMS repetition item fails to detect 
many patients with repetition impair- 
ment (29 [38%] of 76 patients had im- 
paired repetition by our neuropsycholo- 
gical criterion). Specificity of the MMS 
repetition item was good (89%): few 
subjects without repetition impairment 
failed to repeat “No ifs, ands, or buts” 
correctly. 
We also examined the sensitivity- 
specificity of “No ifs, ands, or buts” us- 
ing other cutoff scores on the WAB Rep- 
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Table 4.—Sensitivity / Specificity of MMS Language and Constructional Subtests * 









Sensitivity / Specificity 
% 





















MMS language items 
Naming 
“Watch-pencil” vs Boston Naming Test 
Repetition 
“No ifs, ands, or buts” vs WAB Repetition 
Comprehension 
3-step command vs WAB Commands 
Reading 
“Close your eyes” vs WAB Reading 
Writing 
“Write a sentence” vs WAB Writing Sample 
MMS constructional item 
Overlapping pentagons vs 
WAIS-R Block Design 
Copy of WMS-R designs 





* MMS indicates Mini-Mental State examination; WAB, Western Aphasia Battery; WAIS-R, Wechsler Adult In- 


Olde 


14/89 


63/80 


10/100 


13/98 


77/81 
57/92 


telligence Scale-Revised; and WMS-R, Wechsler Memory Scale-Revised. 


etition subtest. Using a score below the 
first percentile to define abnormal per- 
formance, sensitivity was 19% and 
specificity was 91%. Using a score be- 
low the 10th percentile, sensitivity was 
13% and specificity was 89%. 

In summary, the results indicate that 
the MMS repetition item is an insensi- 
tive but fairly specific measure of repe- 
tition impairment. 

Comprehension. —A score less than 
3 can be taken to indicate impaired audi- 
tory comprehension on the MMS three- 
step command. On the neuropsychologi- 
cal test of comprehension (WAB 
Sequential Commands), normal con- 
trols generally obtain perfect scores. ”” 
We therefore defined any score less 
than 80 (perfect performance) as abnor- 
mal. Judged against this criterion, sen- 
sitivity of the MMS three-step com- 
mand was modest (63%). Specificity 
was somewhat better (80%). We also 
examined sensitivity-specificity of the 
MMS three-step command using other 
cutoff scores on the WAB to define im- 
paired comprehension. None of the oth- 
er cutoff scores produced improved sen- 
sitivity-specificity. 

Correlation between the MMS item 
and the WAB subtest was r=.49 
(P<.001). The overall results suggest 
that the comprehension item of the 
MMSis more useful than the other MMS 
language items considered thus far. 

Reading.—Our neuropsychological 
measure of reading was the Reading 
Comprehension of Sentences subtest of 
the WAB. Perfect performance (40 
points) is expected of normal subjects on 
this subtest™” (given adequate educa- 
tion, which was true of our subjects). 
We therefore used a score below 40 on 
the WAB subtest as the criterion for 
abnormal performance. Compared 
against this criterion, the MMS reading 
item (“Close your eyes”) proved to have 
very low sensitivity (10%) in detecting 
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reading dysfunction, but specificity was 
100%. Use of other cutoff points on the 
WAB subtest did not yield improved 
sensitivity-specificity for the MMS 
reading item. 

Although the sensitivity of the MMS 
reading item was low, the correlation 
between MMS reading scores and WAB 
reading scores was statistically signifi- 
cant (r= .45, P<.001). These results are 
not contradictory: the significant corre- 
lation can be attributed to the fact that, 
although only a few patients failed the 
MMS reading item, these subjects ob- 
tained significantly lower scores on the 
WAB reading subtest than did subjects 
who did not fail the MMS item. 

Writing. — Scoring of the MMS writ- 
ing item (“Write a sentence”) followed 
standard instructions: the sentence had 
to contain a subject and a verb and to be 
sensible; correct grammar and punctua- 
tion were not required. To score the 
WAB writing sample, an experienced 
clinical neuropsychologist rated each 
sample as normal, dysgraphic, or possi- 
bly dysgraphic. The rater was told each 
subject’s age, education, and occupa- 
tional background (since these factors 
may affect writing performance) but 
had no other information about the sub- 
ject. For writing samples judged possi- 
bly dysgraphic, a second experienced 
neuropsychologist was consulted and a 
joint decision was rendered. 

As shown in Table 4, the MMS writ- 
ing item had very low sensitivity (13%) 
but high specificity (98%). As shown in 
Table 2, correlation between the MMS 
writing item and the WAB writing sub- 
test was r=.20 (.10>P>.05). These 
data indicate that, in our sample of pa- 
tients, “Write a sentence” did not serve 
as an adequate measure of dysgraphia 
unless significant impairment was 
present. 

Summary of Results for MMS Lan- 
guage Items. — The overall results indi- 


cate low sensitivity (range, 0% to 14%) 
for four of the five MMS language items. 
One subtest (three-step command) does 
have adequate sensitivity-specificity 
and does correlate significantly with 
scores on a full neuropsychological test. 


Constructional Impairment 


Two neuropsychological tests of con- 
structional impairment were adminis- 
tered: Wechsler Adult Intelligence 
Seale-Revised (WAIS-R) Block Design 
and copy of WMS-R geometric designs. 
For Block Design, abnormal perfor- 
mance was defined as a score below the 
fifth percentile. For the WMS-R geo- 
metric designs, constructional norms 
are not available, and the following scor- 
ing procedure was used. An experi- 
enced clinical neuropsychologist exam- 
ined each patient’s drawings and judged 
constructional impairment to be pres- 
ent, not present, or possibly present. 
For drawings in the last category, a 
second experienced neuropsychologist 
was consulted and a joint decision was 
rendered. The judges were “blind” re- 
garding diagnosis, other test scores, 
ete. 

As shown in Table 4, the MMS con- 
structional item yielded satisfactory 
sensitivity-specificity when compared 
against the WAIS-R Block Design sub- 
test (sensitivity and specificity, 77% 
and 81%, respectively). When com- 
pared against performance on copying 
of the WMS-R geometric designs, sensi- 
tivity was lower (57%) but specificity 
was good (92%). These somewhat dis- 
crepant results are due to the fact that 
the WMS-R task labeled more patients 
as having constructional disturbance 
than did the Block Design task (possibly 
because task demands are somewhat 
different for the two tests, ie, two-di- 
mensional vs three-dimensional con- 
struction; performance under timed vs 
untimed conditions). 

Correlations between the MMS con- 
structional item and the two neuropsy- 
chological tests were r=.56 (P<.001) 
and r=.44 (P<.001) for the WAIS-R 
and WMS-R tasks, respectively. To- 
gether with the results above, these 
findings suggest that the MMS con- 
structional item serves as an adequate 
measure of constructional abilities. 


Sensitivity-Specificity of Total MMS Score 


As mentioned above, 32 of the 76 sub- 
jects obtained a score less than 24, the 
cutoff score most often used to indicate 
presence or absence of dementia. Re- 
view of the discharge diagnoses (Table 
1) suggests that more than 32 of owe 
patients could be considered to have de- , 
mentia. Asa gold standard to determine 
presence or absence of dementia, we 
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used an operational definition derived 
from the Diagnostic and Statistical 
Manual of Mental Disorders, Revised 
Third Edition criteria”: impaired per- 
formance on at least one neuropsycholo- 
gical test of memory and impaired per- 
formance on at least one other test of 
cognitive abilities (ie, attention-concen- 
tration, naming, repetition, compre- 
hension, reading, writing, construction- 
al ability). By this criterion, 45 of 76 
patients were judged to have dementia. 
Compared against this criterion, sensi- 
tivity of the MMS was 69% and specific- 
ity was 90%. These results indicate ac- 
ceptable specificity but a lesser degree 
of sensitivity. Sensitivity could of 
course be increased by using a higher 
cutoff score, although at the cost of de- 
creased specificity. The optimal cutoff 
Score for our group was 26, yielding 78% 
sensitivity and 84% specificity. Mini- 
Mental State performance is known to 
correlate with education level.*"” Edu- 
cation level for our patients was rela- 
tively high (mean, 13.8 years), probably 
accounting for the high optimal cutoff 
score. 


COMMENT 


Our findings establish certain limita- 
tions regarding clinical use of the MMS. 
Specifically, four of the five language 
items proved to be insensitive to impair- 
ment, and three of five failed to corre- 
late significantly with neuropsychologi- 
cal test scores (Tables 2 and 4). None of 
our patients failed the MMS naming 
items, although 33% of the subjects 
were dysnomic on neuropsychological 
testing. Sensitivity was also quite low 
for the repetition item (14%), for the 
reading item (10%), and for the writing 
item (13%). The comprehension item of 
the MMS did have adequate sensitivity- 
« Specificity and also correlated signifi- 

cantly with scores on a neuropsycholo- 
gical test of comprehension. 

In contrast to the findings for the lan- 
guage subtest of the MMS, several oth- 
er subtests were shown to be more ade- 
quate measures of cognitive ability. 
Scores on the memory item correlated 
significantly with scores on two neurop- 
sychological tests of memory (Table 2). 
Sensitivity-specificity of the memory 
item also proved to be satisfactory (Ta- 
ble 3). These findings are consistent 
with those of Bowers et al, who also 
compared three words at 5 minutes 
against memory tests and obtained evi- 
dence of adequate validity. 

Our results also support the validity 

i the MMS attention-concentration 
ems and the constructional item. The 
attention-concentration subtest (serial 
Ts and spelling world backward) demon- 
strated acceptable sensitivity-specific- 
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ity and significant correlations with 
neuropsychological tests (Tables 2 and 
3). The constructional item also proved 
to be an accurate indicator of construc- 
tional skills (Tables 2 and 4), despite the 
fact that the range of scores for this item 
is extremely limited (0 or 1). 

Although we have criticized certain 
MMS items as insensitive, it should be 
stressed that “easy” test items have an 
important place. Testing theory dic- 
tates that items for a given test should 
cover a broad range of difficulty to as- 
sess a wide range of skill levels. Indeed, 
one of the strengths of the MMS is that, 
unlike many tests, it can be adminis- 
tered to patients across a broad spec- 
trum of dementia severity. One lesson 
from our results is that the less difficult 
MMS items are concentrated in the lan- 
guage subtest. This fact does not de- 
tract from the MMS as a global measure 
of dementia severity, but it does empha- 
size that the language items of the MMS 
do not compose an adequate “subtest” of 
language skills. 

Recent studies have explicitly” or im- 
plicitly” suggested that the MMS can be 
used to generate a cognitive profile. Our 
results indicate that these claims should 
be tempered. A cognitive profile with- 
out adequate assessment of language 
abilities is certainly suspect. Nonethe- 
less, a recent study by Brandt et al” 
convincingly demonstrated different 
profiles on the MMS in patients with 
Alzheimer's disease and patients with 
Huntington's disease. The differences 
between the groups rested on different 
scores on MMS memory and attention- 
concentration items. (The patients with 
Alzheimer’s disease did worse on the 
former; the patients with Huntington's 
disease did worse on the latter.) It is of 
interest that the two groups did not dif- 
fer significantly on the language items 
of the MMS, despite the fact that lan- 
guage deficits are common in Alz- 
heimer’s disease*” but uncommon in 
Huntington's disease.""* This may have 
occurred because of the low sensitivity 
of the MMS language items, as demon- 
strated in the present investigation. 

Our findings could be used toward the 
development of an extended version of 
the MMS. We consider the MMS an ex- 
cellent 10-minute test. Its shortcomings 
lie less in the test itself than in expecta- 
tions exceeding those that should be 
placed on a 10-minute test. For exam- 
ple, criticisms have included the fact 
that the MMS is insensitive to focal le- 
sions and that it fails to detect subtle 
cognitive deficits. ™® Such criticisms can 
be applied to any brief screening mea- 
sure. Given the brevity of the MMS, our 
finding of 69% sensitivity and 90% speci- 
ficity can be considered satisfactory and 


is consistent with other reports in the 
literature for brief screening mea- 
sures.’ There is a current trend to- 
ward the development of “minibatter- 
ies,” “midibatteries,” and “maxi- 
batteries.” Minibatteries include the 
MMS, Blessed Information-Memory- 
Concentration Test, and similar instru- 
ments that sample several cognitive 
skills in a 10- to 15-minute time span. 
Maxibatteries involve very detailed 
neuropsychological testing and take 3 to 
8 hours. Midibatteries are just begin- 
ning to appear.” These instruments 
sample cognitive skills in more depth 
than the MMS but to a lesser extent 
than a full neuropsychological battery 
and take 30 minutes to 1 hour. The 
MMS, given its wide popularity and ex- 
tensive research database, would seem 
a good base on which to develop a “Midi- 
Mental State” examination. For exam- 
ple, the naming items could be extended 
to include additional, more difficult 
tasks; repetition items could be added; 
a recognition memory task could be 
added to evaluate memory performance 
more thoroughly; and so on. 

Some development of extended ver- 
sions of the MMS has in fact occurred,” 
but these revisions have not gained 
wide use, perhaps because they lack the 
user-friendly administration format of 
the MMS. There is both research need 
and clinical need for a test battery inter- 
mediate between brief screening instru- 
ments and detailed neuropsychological 
batteries. Our results provide data that 
would be useful toward development of 
such an instrument. 

Data from the present study should 
also prove useful in at least two other 
respects. As mentioned earlier, despite 
the long clinical use of such mental sta- 
tus tasks as serial 7s, spelling world 
backward, and three words at 5 min- 
utes, there is surprisingly little infor- 
mation regarding normal performance 
on these tasks. Determination of opti- 
mal cutoff scores has also received little 
attention. Our data help to fill these 
gaps. For example, the results indicate 
that a cutoff score of fewer than three 
words correct on three words at 5 min- 
utes provides optimal sensitivity, but 
that a score of less than two correct 
provides a better balance between sen- 
sitivity and specificity. Our findings 
should be particularly useful to the nov- 
ice examiner who has not yet tested 
enough patients to appreciate the diffi- 
culty level of individual MMS items. 

Finally, a few limitations of the pres- 
ent investigation should be acknowl- 
edged. Education level is known to af- 
fect performance on the MMS.“"" The 
extent to which our findings generalize 
to subjects with low education levels is 
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not known. Care must also be taken in 
extending the findings of a group study 
to the individual patient. A test or sub- 
test may be valid in a group study but 
yield inaccurate information when ad- 
ministered to a particular patient. Anxi- 
ety, momentary lapses of attention, and 
similar factors can adversely affect per- 
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formance of an individual patient on an 
individual item. Reliability and validity 
are dependent on the number of items in 
atest or subtest.” When a large number 
of items are administered, “impaired” 
performance is more likely to reflect 
true impairment rather than anxiety or 
attention lapses. These caveats should 
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© Impaired visual function in Alzheimer’s 
disease (AD) could result from either precor- 
tical or cortical lesions, or both. In a parallel 
psychophysical study of visual function in 
AD, we found that contrast sensitivity func- 
tion, color vision, stereoacuity, and back- 
ward masking were impaired relative to the 
performance of age-matched control sub- 
jects, whereas performance on a critical 
flicker fusion test was normal. The intent of 
the present study was to determine whether 
abnormalities of the retinocalcarine pathway 
contribute to visual dysfunction. We per- 
formed neuro-ophthalmological examina- 
tions on 38 patients with AD; from this group, 


Izheimer’s disease (AD) is a pro- 
gressive dementing disorder of un- 
known cause. Memory is characteristi- 
` cally affected early in the disease, 
followed by more diffuse cognitive im- 
pairment.' Visual symptoms occasional- 
ly predominate and may be the initial 
manifestation of the disease. Deficits 
in contrast sensitivity,’ visuospatial be- 
havior,*’ and pattern masking” have 
been documented in patients with AD. 
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25 received additional Psychophysical test- 
ing and 13 underwent electrophysiological 
testing. Clinical neuro-ophthalmological ex- 
aminations, full-field electroretinograms, fo- 
cal electroretinograms, and pattern visual 
evoked potentials were normal in all patients 
tested. There was no evidence of retinocal- 
carine abnormality specific to AD. We con- 
clude that the visual impairment experienced 
by some patients with AD primarily results 
from involvement of the visual association 
cortices rather than from precortical dam- 
age, at least before the end stage of the 
disease. 
(Arch Neurol. 1992;49:93-101 ) 


Inastudy parallel to our report, Cronin- 
Golomb et al? demonstrated impaired 
performance of patients with AD on 
contrast sensitivity, color vision, ster- 
eoacuity, and backward masking. 

A question exists as to the origins of 
visual dysfunction in AD. Neuropatho- 
logical studies have found substantial 
involvement of the visual cortex, partic- 
ularly of association areas rather than 
primary visual cortex.*" In addition, 
Sadun and colleagues’ have reported 
an AD-related optic neuropathy that, 
they concluded, was sufficient to impair 
visual performance. 

The present investigation was under- 
taken to determine whether abnormali- 
ties of the retinocalcarine pathway, as 
documented by neuro-ophthalmological 
examinations and electrophysiological 
tests, significantly contribute to visual 
dysfunction. Visual loss could result 
from defects of the optical structures of 
the eye (cornea, lens), of the retina 
(macular degeneration), of the retino- 


calcarine pathway, or of primary or as- 
sociative visual cortex. Accordingly, 
the present article integrates several 
sources of data to evaluate the integrity 
of each of these levels of the visual 
system. 

We report the results of neuro-oph- 
thalmological examinations on 38 pa- 
tients with AD, many of whom also had 
electrophysiological testing of the visu- 
al system. Nineteen of the patients 
were included in a psychophysical study 
described in a companion article by Cro- 
nin-Golomb et al. The results of both 
studies are integrated; case-by-case an- 
alyses revealed that no patient had clear 
evidence of AD-related dysfunction of 
the retinocalearine pathways (ie, the vi- 
sual pathway extending from the photo- 
receptors of the retina to and including 
the primary visual cortex). The modest 
reductions in central acuity found in 
some patients were consistent with nor- 
mal aging, cataracts, or macular degen- 
eration. The combined findings herein 
and in the companion article suggest 
that visual impairments among patients 
with AD are primarily cortical in origin. 


SUBJECTS AND METHODS 
Subjects 


The 25 subjects (13 women and 12 men) 
were a consecutive series taken from a group 
of 56 patients with AD referred from the 
Memory Disorders Unit at the Massachu- 
setts General Hospital, Boston; 19 were en- 
rolled in a concurrent psychophysical study 
of vision at the Massachusetts Institute of 
Technology (MIT), Cambridge.* An addi- 
tional 13 consecutive subjects with AD were 
referred directly from the Memory Disor- 
ders Unit and did not undergo psychophysi- 
cal tests at MIT. Diagnoses of probable AD 
were established according to the Alz- 
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heimer'’s Disease and Related Disorders As- 
sociation-National Institute of Neurological 
Disorders and Stroke criteria. ”™® All pa- 
tients received a computed tomographic or 
magnetic resonance imaging scan of the head 
to exclude large lesions of the visual path- 
ways. The presence or absence of visual 
symptoms and performance on visual testing 
at MIT were not factors in determining 
which patients underwent neuro-ophthalmo- 
logical examination. Statistical analyses of 
data from the City University color test and 
tests of acuity, contrast sensitivity, stereoa- 
cuity, and critical flicker fusion showed that 
the 19 patients seen at the Massachusetts 
Eye and Ear Infirmary who were able to 
complete the psychophysical tests at MIT did 
not differ significantly in visual performance 
from the other subjects with AD studied at 
MIT. 

Table 1 summarizes the demographic in- 
formation on the initial 25 patients with AD. 
The Blessed Dementia Scale (BDS) was used 
to estimate the severity of dementia.” Five 
patients were judged mildly demented 
(BDS, <10); eight, moderately demented 
(BDS, 10.5 to 20.0); and 12, severely dement- 
ed (BDS, =20.5). The mean (+SD) BDS 
score was 21.5+13.1. All patients were na- 
tive speakers of English. For reasons de- 
scribed in the “Case-by-Case Analyses” sec- 
tion (see below), we subsequently studied 13 
additional patients with AD, following the 
same inclusion and diagnostic criteria as for 
the initial group of 25. 

Four patients had known ophthalmological 
difficulties that antedated the onset of de- 
mentia. One patient had a “lazy eye,” and 
another had a history of acute glaucoma that 
resulted in an opaque cornea in one eye. Two 
male patients reported congenital color defi- 
ciency. At the time of examination in the 
Memory Disorders Unit, seven of the 25 pa- 
tients reported visual symptoms. Symptoms 
included “poor vision,” “can’t see well,” “dif- 
ficulty touching things,” “problems seeing 
around the house,” and “can’t see in front of 
me.” Five of these seven patients were se- 
verely demented, and four of the five severe- 
ly demented patients displayed clinical evi- 
dence of visuospatial disturbance, mani- 
fested primarily by misreaching for objects 
that they could correctly name and verbally 
locate. Table 2 provides a case-by-case sum- 
mary of the clinical and laboratory manifesta- 
tions of the first 25 patients included in this 
study. 

There were 35 elderly control subjects 
(ECS) who were mainly spouses or siblings of 
the patients (Table 1).* The ECS were given 
psychophysical tests at MIT. 


Testing Procedures 


All 25 patients underwent a detailed 
neuro-ophthalmological examination, includ- 
ing history, Goldmann perimetry, and dilat- 
ed ophthalmoscopy; many took a series of 
psychophysical and electrophysiological 
tests (see below). Refractions were checked 
at the time of the neuro-ophthalmological ex- 
amination, and patients wore their best opti- 
eal correction for all of the tests described 
below. 

Full-field electroretinograms (ERGs) and 
pattern visual evoked potential (PVEP) 
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Table 1.—Demographic Characteristics of Subjects * 

















































*Values are years, mean + SD. AD indicates Alzheimer's disease. 


tN = 11. 


tests were administered to the initial pa- 
tients (n= 13 for ERG, n= 11 for PVEP) and 
were discontinued after all testable patients 
demonstrated normal results (reproducible 
PVEP waveforms could not be obtained in 
two patients). Pattern electroretinograms 
(PERGs) were given to six patients and fove- 
al ERGs were performed on four patients. 

Acuity. — Acuity measurements were per- 
formed by two methods: at the Massachu- 
setts Eye and Ear Infirmary with a Snellen 
distance chart to the point of maximum per- 
formance, and at MIT with the H:0:T:V wall 
chart, which also uses Snellen optotypes. 
The H:0:T:V procedure permitted anomic or 
cognitively impaired subjects who could not 
name letters to match them to those on a 
hand-held card. 

Color Vision.—Color vision was exam- 
ined by two methods: at the Massachusetts 
Eye and Ear Infirmary with the Ishihara 
Test," which identified subjects with a red- 
green deficiency, and at MIT with the City 
University Color Vision Test,” which de- 
tects blue-yellow as well as red-green de- 
fects. The Ishihara color plates were pre- 
sented to each eye individually, and the City 
University Test was presented binocularly. 

Contrast Sensitivity, Critical Flicker 
Fusion, and Stereoacuity.—Tests per- 
formed at MIT examined contrast sensitivity 
function, critical flicker fusion, and stereoa- 
cuity. The companion article’ provides de- 
tails about test formats and procedures. 

Electrophysiology.— Pattern visual 
evoked potential testing provided a gross 
measure of the conductivity of the visual 
pathway from retina to visual cortex. A pat- 
tern stimulus was chosen over a flash stimu- 
lus because the waveforms in response to 
patterns are more reliable.” 

Monocular PVEP recordings were per- 
formed in the Department of Neurology at 
Massachusetts General Hospital. The sub- 
jects were seated 1 m from a video display 
(height, 14°; width, 18°) that produced high- 
contrast 17-, 35-, and 70-minute checks that 
reversed at 2 Hz. Pattern visual evoked po- 
tentials were recorded using surface elec- 
trodes along the midline (5 and 10 em above 
the inion) and laterally (5 and 10 cm to the 
right and left of the midline occipital elec- 
trode), all referred to F, (frontal-midline 
electrode site). Latency and amplitude of the 
P100 wave component were used for test 
evaluation. Details of the testing methods 
and normal values have been described pre- 
viously.” 

The PERG is thought primarily to mea- 
sure responses of retinal ganglion cells.” 
The PERG was recorded simultaneously 


Blessed Dementia Scale Duration 
Classification No. Age Education of Disease 
AD 25 64.5 + 8.4 13.7 + 3.5 4.0 + 2.5 
Mild 5 62.0 + 6.6 16.4 + 0.9 6.2 + 2.3 
Moderate 8 68.5 + 11.5 12.8 + 3.0 2.5 + 1.4 
Severe 12 62.4 + 5.3 12.9 + 3.4t 8.9 + 5.1 
Elderly controls 35 66.1 = 7.2 14.7 + 2.4 









with the PVEP. A gold foil electrode was 
placed under the lower eyelid and referred to 
the ipsilateral temple. Activity was recorded 
for 300 milliseconds following the stimulus 
using a bandpass of 1 to 100 Hz (50% ampli- 
tude). Check sizes and temporal modulation 
were the same as described above for PVEP 
testing. At least two trials consisting of 100 
stimuli were recorded for each eye and for 
each check size. Latency and amplitude of 
the P50 component were used for test evalua- 
tion. Details of the PERG methods have been 
previously described.” 

The full-field (Ganzfeld) ERG provided a 
gross measure of retinal response to light 
stimulation generated by photoreceptors 
and other cells up to but not including the 
responses of the retinal ganglion cells. Be- 
fore ERG testing, final dark-adapted thresh- 
olds were obtained with the Goldmann- 
Weekers dark adaptometer (Haag-Streit Co, 
Germany)(with an 11° white light fixated 7° 
above the fovea). Rod ERG responses were 
elicited by single flashes (0.5 Hz) of blue 
light, mixed cone and rod responses by single 
flashes (0.5 Hz) of white light, and cone re- 
sponses by 30-Hz white flicker. Rod respons- 
es to blue light and cone responses to 30-Hz 
flicker were evaluated with respect to peak- 
to-peak amplitudes and b-wave implicit 
times (time intervals between stimulus onset 
and the corresponding cornea-positive peak 
of the rod or cone response). Mixed cone and 
rod responses to single flashes of white light 
were evaluated with respect to peak-to-peak 
amplitude. Details of the testing method and 
normal values have been published previous- 
ly,” and age-adjusted estimates of the nor- 
mal ERG values are provided in Table 3. 

The foveal ERG provided a gross measure 
of cone function within the macula. A hand- 
held, dual-beam stimulator ophthalmoscope 
was used to conduct the test, based on meth- 
ods described previously.” Responses 
were elicited by shining a 4° white stimulus 
flickering at 42 Hz within a brighter, steady 
12° white surround through a dilated pupil, 
through which the stimulus could be visual- 
ized and maintained on the fovea during test- 
ing. Consecutive computer-averaged re- 
sponses were obtained for each patient to 
assess reproducibility, and then an overall 
average was calculated. Patients’ responses 
were evaluated with respect to the lower 
range of normal peak-to-peak amplitudes (ie, 
0.18 uV) and the upper range of normal im- 
plicit times (ie, 38 milliseconds). ®” 


RESULTS 


The “Results” section addresses two 
questions: (1) What was the prevalence 
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Table 2.—Results of Visual Testing for Individual Patients With Alzheimer’s Disease * 






Color Vision: 



























































































































































































































































Patient Visual City Contrast Critical 
No./Age, Dementia Visual Acuity: University, Fields Sensitivity Stereo Flicker ERG, Other 
y/Sex Severity Symptoms OD, OS Ishihara (Goldmann) (Vistech) Acuityt Fusiont PVEP FERG Comments 
1/59/F Moderate None 20/30, 10/10, Slightly ie 40 22.25 Normal Normal, Trace cortical 
20/30 Nae constricted TF cataract OU 
2/72/M_ Severe None 20/20, 10/10, Slightly nag Unable aay .-- Normal, Trace nuclear 
20/25 sa constricted ara cataract, macular 
degeneration OU 
3/58/F Severe None 20/30, Unable, Slightly bAa Unable Unable ..- Normal, Suboptimal effort 
20/40 6/8 constricted ite on acuity testing 
4/54/F Severe None 20/20, 8/10, (Poor fixation), wate 50 21.15 Normal Normal, Trace nuclear 
20/20 8/8 Probably full bbls cataract OU 
to confrontation 
5/68/M Moderate None 20/25, 10/10, Slightly Subnormal 200 22.95 Normal Normal, Trace nuclear 
20/25 wees constricted normal cataract OU 
6/63/M Moderate None 20/25, 10/10, Slightly Subnormal 70 21.30 Normal Normal, 
20/20 SA constricted ak 
7/68/F Severe “Can't see Unreliable, Unable, Unable TF Unable Unable ... Normal, 
well” unreliable aia 
8/69/M Severe “Poor Unreliable, Unable, Normal oe Unable Unable ... Normal, 
vision” unreliable Th 
9/54/M Mild “Wandering L 20/20, 10/10, Normal bas 50 28.19 Normal Normal, “Lazy L eye,” 
eye” not 20/25 TR Pre mild myopia 
symptomatic 
10/64/M Severe “Difficulty 20/40, Unable, Normal ale 400 17.90 Artifact Normal, Mild macular 
reaching 20/40 acs "r degeneration OU 
and 
touching 
things” 
11/63/M Moderate None 20/20, 10/10, Normal Subnormal 25 WE Normal Normal, Mild macular 
20/20 8/8 normal degeneration OU 
12/62/F Severe None Fixates Unable, Unable ae Unable >: TR eS Blinks to threat, 
OU unable ahs does not follow 
13/81/F Moderate None 20/25, 10/10, Slightly Subnormal 25 22.55 sa 1+ cataract OS 
20/20 8/8 constricted 
14/62/M Mild Difficulty 20/20, 10/10, Slightly £23 50 24.95 srar Disabled because 
reading 20/20 8/8 constricted s of reading 
(with difficulties 
correction) 
15/73/F Moderate None Light only, 9/10, Slightly BAEN Unable 14.55 as Opaque cornea OD 
20/30 8/8 constricted (opaque igb (acute 
cornea OD) glaucoma), no 
view OD, 2+ 
cataract OS 
16/62/F Severe “Problems Unable, Unable, Unable se Unable cs pte eae Afferent defect OS; 
seeing unable unable u ae marked 
around visuospatial 
house” disturbance 
17/70/F_ Mild None 20/25, 9/10, Normal tia 140 a RE Mild macular 
1 20/20 8/8 E degeneration OU 
18/87/F Moderate None 20/20, 6/10, Slightly sis 100 22.60 4 
20/20 8/8 constricted 
19/69/F Moderate None 20/25, 10/10, Slightly Subnormal 50 27.50 ad 
20/20 8/8 constricted FS 
20/58/M Severe Wife reported 20/25, 9/10, Slightly Unable 100 23.05 Snug DE Mild visuospatial 
groping for 20/20 2/8 constricted ae difficulties, 
objects congenital color 
deficiency 
21/56/F Mild Unreliable 20/20, 10/10, Slightly Unable Unable 23.25 ates US oz Mild macular 
historian 20/20 8/8 constricted ete degeneration OU 
22/51/M Moderate “Can't see in 20/ 20, 5/10, Slightly Subnormal 200 26.45 meet Aha Mild visuospatial 
front of 20/20 er constricted ie difficulties 
me” 
23/67/M Mild None 20/20, MNT Normal siars E dga Normal Normal, 
20/25 8/8 normal 
24/66/F Severe None 20/20, T Normal ssa TS --- Normal Normal, 
20/20 8/8 normal 
25/57/M Severe “Glasses 20/15, Sig Slightly ae ah srs, Normal ..., Congenital color 
need to be 20/15 3/8 constricted Brie deficiency, mild 
changed” macular 


degeneration, OU 
G, electroretinogram; FERG, foveal ERG; and unable, either the patient could not comprehend the test instructions 





* PVEP indicates pattern visual evoked potential; ER 

or the function could not be reliably measured. 
tSeconds of arc:normal, 71.8 + 65.1 (mean + SD). 
Normal, 24.1 + 3.1. 
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0.5-Hz Blue 0.5-Hz White Amplitude / Threshold, 
Patient Amplitude, Amplitude, Implicit Time, log U Above 
No. Eye nV uv uV/ms Normalt 
1 R 106 353 65/28 1 
L 97 388 79/28 1 
2 R 100 353 59/28 1 
L 106 412 65/30 TE 
3 R 112 388 59/27 0.5 
L 112 435 53/28 sat 
4 R 171 412 65/25 Unable 
L 136 365 53/28 Unable 
5 R 100 365 71/26 1 
L 112 435 85/26 0.5 
Unreliable 
6 R waveforms 376 65/28 1 
L ia 318 59/31 AT 
7 R 129 505 65/28 Unable 
L 124 529 61/27 Unable 
8 R 100 388 71/27 Unable 
9 R 112 335 41/23 Normal 
L 118 329 47/26 Normal 
10 R 85 435 47/31 Unable 
L 111 482 59/31 Unable 
11 R 88 435 53/26 Normal 
L 88 353 47/26 Normal 
23 R 75 380 47/30 Unable 
L 83 353 41/31 Unable 
24 R 147 588 76/34 Normal 
L 153 541 82/34 Normal 
Mean 111 410 61/28 
Normal 
range, age 
adjusted * 75-250 300-700 40-125/ 25-34 






* Age-adjusted estimates for the lower limits of amplitude and the upper limit for implicit time were extrapo- 
lated from previously published normal values? to age 75 years, based on linear regression vs age. 

+Unable indicates either the patient could not comprehend the test instructions or the function could not be 
reliably measured. 


and severity of abnormal findings? (2) In 
how many cases were visual symptoms 
or deficits potentially attributable to re- 
tinocalearine defects? 


Clinical Examination 


Acuity.—The results of standard 
Snellen acuity testing are depicted in 
Fig 1. Central acuity could not be reli- 
ably measured in four patients, all of 
whom were severely demented and dis- 
played clinical evidence of visuospatial 
disturbance. Another patient had mild 
strabismic amblyopia (20/25) in the left 
eye and 20/20 OD. Of the remaining 20 
patients, eight had 20/20 OU vision or 
better, seven had 20/20 vision in one eye 
and 20/25 in the other, and three others 
had acuities of 20/40, 20/30, and 20/25 
OU. The remaining two patients were 
visually asymmetric: one patient had 
acuities of 20/30 OD and 20/40 OS, and 
the last had an acuity of 20/30 in one eye 
and an opaque cornea in the other that 
precluded acuity measurement. 

Six of the 25 patients had mild nuclear 
or cortical cataracts that may have de- 
creased central acuity. Two of the six 
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patients with cataracts had 20/30 visual 
acuity in at least one eye, and the other 
four patients had even better acuities. 
Ophthalmoscopic changes associated 
with age-related macular degeneration 
(ie, pigmentary disturbances of the 
macula) were present in six of 25 pa- 
tients. One of these patients had 20/40 
visual acuity OU, and the other five had 
acuities of 20/25 or better OU. 

The patients’ Snellen acuity scores 
differed little from their H:0:T:V acu- 
ities (the maximum Snellen vs H:0:T:V 
difference equaled one line). Cronin-Go- 
lomb et al’ found that the distribution of 
the patients’ Snellen scores was similar 
to the distribution of H:0:T:V scores of 
age-matched control subjects. Fisher's 
Exact Test compared the Snellen cen- 
tral acuity scores for the 25 patients 
with AD with scores for the ECS. A 
greater proportion (P<.03) of patients 
than ECSs had acuities less than 20/20 
in either eye; however, no difference 
was observed on using 20/25 as the ref- 
erence point (P<.48). One patient had 
an acuity of 20/40 in the worse eye, three 
had worse-eye acuities of 20/30, and 12 


% of Total 


20/30 


ig 
20/20 20/25 
Visual Acuity 


Fig 1.—The distribution of central visual acu- 
ities for the 25 patients with Alzheimer’s dis- 
ease detailed in Table 2. 


20/40 


had worse-eye acuities of 20/30, and 12 
had worse-eye acuities of 20/20. No ECS 
had an intereye acuity difference of 
greater than one line. These results sug- 
gest that differences in acuity between 
the two groups were minor at most. 

Color Vision.—Fourteen of 16 pa- 
tients were able to perform the Ishihara 
Test, of whom 11 scored perfectly. Two 
of the three who scored below average 
had congenital color deficiency. The 
other patient correctly identified six of 
eight color plates in each eye. This pa- 
tient was severely demented and ap- 
peared to make a suboptimal effort on 
testing of central acuity (20/30 OD, 
20/40 OS), and thus overall there was no 
conclusive evidence of red-green axis 
abnormality. The present results for 
red-green testing are consistent with 
the results of the parallel study by Cro- 
nin-Golomb,*® which demonstrated nor- 
mal red (protan) and green (deutan) vi- 
sion but a significant impairment in 
blue-yellow (tritan) performance among 
patients with AD. 

Pupillary 
testing was normal in 24 of the 25 pa- 
tients. Patient 16 had severe dementia 
and an afferent pupillary defect. Tests 
of acuity, color vision, and visual fields 
were unreliable in this patient, but oph- 
thalmoscopy was normal. This patient 
was one of four who demonstrated vi- 
suospatial impairment. 

Visual Fields.—Four patients were 
not testable on the Goldmann perime- 
ter, but one of the four appeared to have 
full fields when tested by confrontation. 
Seven patients had normal Goldmann 
test results. The others demonstrated 
generalized constriction of peripheral 
isopters that did not vary from normal 
by more than 20°. Central, Bjerrum, or 
altitudinal defects were not observed in 
any patient. = 

Ophthalmoscopy.—Atrophy of the 
optic nerve was not recognized in any 
patient (observation of the posterior 
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Fig 2.—Full-field electroretinograms of a normal age-matched subject and three patients with 
Alzheimer's disease. Two or three consecutive responses are illustrated for each stimulus 
condition. Time of stimulus onset is designated by vertical lines in columns 1 and 2 and vertical 
shock artifacts in column 3. The horizontal arrows in column 3 designate implicit times. Calibration 


symbol (lower right) designates 100 HV vertical 
2, and 50 milliseconds horizontally for all tracings. 


pole was not possible in one eye because 
of an opaque cornea). There was neither 
pallor nor pathological cupping, and the 
peripapillary retinal nerve fiber layer 
did not appear depleted by direct oph- 
thalmoscopic examination. Six patients 
had evidence of age-related macular 
degeneration. 


Electrophysiology 


Full-field ERG recordings were nor- 
mal in all 13 patients tested (Table 3 and 
Fig 2). The recording of one patient fol- 
lowing a blue light stimulus was unin- 
terpretable because of excessive muscle 
artifact. Dark adaptation testing gave 
normal results in three of the 10 patients 
who could perform the test reliably. The 
other seven performed slightly below 
normal as compared with a slightly 
younger control group.” Given the sub- 
jective nature of this test and the nor- 
mal ERG results with stimulation by 
blue light, we believe that rod function 
was generally preserved in these pa- 
tients. Indeed, an elevation of the rod 
threshold similar to that which we ob- 

qgerved has been previously reported as 
a normal age-related phenomenon.” 

Foveal ERG testing showed normal 
amplitudes and implicit times in the four 
patients tested (Fig 3). Amplitudes 
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y for columns 1 and 3, 200 uV vertically for column 


ranged from 0.29 to 0.43 pV (normal, 
20.18 V), and implicit times ranged 
from 35 to 38 milliseconds (normal, <38 
milliseconds). 

Pattern electroretinogram testing 
was conducted in six patients and was 
difficult to interpret in most because of 
artifacts resulting from uncontrollable 
blinking. In three cases, blinking arti- 
facts sufficiently degraded waveforms 
so as to preclude confident interpreta- 
tion. The remaining three cases showed 
results with a mixture of normal and 
abnormal values. 

Pattern visual evoked potential test- 
ing was performed on 11 patients. The 
tests produced good waveforms for nine 
patients, one patient’ test had an unac- 
ceptable amount of artifact, and one pa- 
tient was unable to cooperate for the 
test. Pattern visual evoked potentials 
were normal in all patients who could be 
tested reliably (Tables 4 and 5, Fig 4). 


Integration of Results 


Clinical examination revealed only 
modest opacification of the intraocular 
lenses and relatively mild pigmentary 
disturbances in the maculae of some pa- 
tients. These clinical observations were 
associated with at most minor reduc- 
tions in visual acuity. Electrophysiolog- 


as 


ical testing did not reveal any abnormal- 
ities of the neural visual pathways. 

As reported by Cronin-Golomb et al,° 
visual psychophysical testing identified 
selective abnormalities in contrast sen- 
sitivity function (Fig 5), color vision, 
stereoacuity, and backward masking. 
The observed deficits were significantly 
greater than those recorded in the ECS 
and therefore cannot be ascribed mere- 
ly to aging. The fact that the patients 
with AD displayed normal performance 
on critical flicker fusion testing suggest- 
ed that they could comprehend test in- 
structions and that the observed defi- 
cits were not likely due to dementia 
alone. 


Case-by-Case Analyses 


Case-by-case inspection of the com- 
bined results of the present study and 
its companion article’ (Table 2) suggests 
several conclusions. First, we did not 
observe a trend suggestive of retinocal- 
carine pathway defects ascribable to 
AD. In particular, electrophysiological 
measurements were normal in all pa- 
tients tested, and several of the minor 
observed visual deficits could be attrib- 
uted to defects of optical structures, in- 
cluding corneal scarring (patient 15), 
cataracts (patients 1, 2, and 15), or mac- 
ular degeneration. 

Second, some patients had visual de- 
fects that could have resulted from re- 
tinocalcarine disease: a reduction in acu- 
ity, blue-yellow color vision defects, 
decreased contrast sensitivity, afferent 
pupillary defect, and visuospatial dis- 
turbances. Three patients (Nos. Le 
and 10) showed slight reduction in cen- 
tral acuity; patient 1 had minor bilateral 
cataracts, patient 3 had severe demen- 
tia and seemed to give a suboptimal ef- 
fort, and patient 10 had severe dementia 
and mild macular degeneration. Be- 
cause the patients’ acuities generally 
were similar to those of the ECS," there 
is no reason to attribute the modest acu- 
ity reductions to the effects of AD on the 
retinocalearine pathway. Our compan- 
ion article, which described a larger 
sample, demonstrated that the patients 
with AD had abnormal color vision . 
along the blue-yellow axis. The color 
deficits may be neural in origin (either 
retinal or cortical), or the reduced trans- 
mission of short-wavelength light that 
occurs in the aging eye” may have con- 
tributed to the observed defects, al- 
though the ECS did not show this effect. 
Decreased contrast sensitivity was ob- 
served in all six patients who were test- 
ed and testable (Nos. 5, 6, 11, 18, 19, and 
22). Of these six, two had mild cataract 
formation, one had mild macular degen- 
eration, and one had obvious evidence of 
visuospatial disturbance, and these clin- 
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Normal 


Patient 5 


Patient 11 


Patient 23 


Patient 24 





Fig 3.—Foveal cone electroretinograms from a normal age-matched subject and four patients with 
Alzheimer’s disease. Two or more waveforms are superimposed for each subject to indicate the 
degree of reproducibility over time and from which an overall average was quantified. Responses 
were recorded with a stimulator-ophthalmoscope (see text). The horizontal arrows designate 


implicit times. 


ical conditions may have contributed to 
impaired performance on contrast sen- 
sitivity testing. Alternatively, the ab- 
normal contrast sensitivity perfor- 
mance may have resulted from neural 
dysfunction, at the level either of the 
inner retina or of the cortex. An afferent 
pupillary defect was observed in one of 
38 patients and may not have been relat- 
ed to the AD process. Four patients 
displayed visuospatial disturbances 
that limited testing; this behavior could 
have resulted from retinal or cortical 
disease.” In summary, there was no 
convincing evidence of damage to the 
retinocalearine pathway associated 
with AD. 
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Because of the relatively minor ab- 
normalities in the patients we tested 
and because of the contrast between our 
results and those of others, ™”® we ad- 
ministered neuro-ophthalmological ex- 
aminations to 13 additional patients 
with AD, following the same diagnostic 
and inclusion criteria as for the initial 
group of 25. These patients were taken 
consecutively and directly followed the 
first group. There was no difference be- 
tween this group and the larger group of 
25 in mean age, sex distribution, or du- 
ration of disease. A complete neuro- 
ophthalmological examination revealed 
that no patient had a visual acuity less 
than 20/30 (seven of the 13 had acuities 


of 20/20 or better in each eye), except 
one patient with 20/400 vision explicable 
by a dense cataract. Only one patient 
had evidence of an optic neuropathy, 
manifested by asymmetrical cupping 
without disc pallor, and bilateral de- 
pression of the inferonasal isopters on 
Goldmann visual field testing. These 
features were thought to be most com- 
patible with glaucoma, although the pa- 
tient did not have elevated intraocular 
pressure at the time of examination. 

In summary, like the initial group of 
25 patients, there was little or no evi- 
dence of an AD-associated optic neurop- 
athy. It could be argued that the patient 
with an isolated afferent pupillary de- 
fect and the patient with presumed 
glaucoma actually represented optic 
neuropathy secondary to AD. Even if 
this were true, these manifestations 
were uncommon (two of 38 patients) and 
mild. 


COMMENT 


To our knowledge, this study is the 
largest clinical and electrophysiological 
investigation of vision in patients with 
AD. We examined afferent visual func- 
tion in AD by assessing function from 
the outer retina to the calearine cortex. 
Clinical examinations revealed few ab- 
normalities, none of them marked. Re- 
sults of electrophysiological tests, 
which surveyed function at multiple lev- 
els within the retinocalcarine pathway, 
were all normal. In particular, the com- 
mon stigmata of an optic neuropathy — 
afferent pupillary abnormality, delayed 
PVEP, characteristic visual field abnor- 
malities, and optic nerve atrophy— 
were not evident in any patient, and the 
visual field defects that characterize op- 
tic neuropathies—central, altitudinal, 
and Bjerrum scotomata—were conspic- 
uously absent. Thus, we found no evi- 
dence of significant retinocalcarine 
dysfunction. 

Not all of the patients took all of the 
tests described in the “Subjects and 
Methods” section. With the possible ex- 
ception of the PERG, the incomplete- 
ness of the electrophysiological testing 
likely would not alter our conclusions 
because the results were normal in all 
patients tested. (Pattern electroretino- 
gram testing, which arguably provides 
the most direct functional assessment of 
the afferent visual neuron reported to 
degenerate in AD, ie, the retinal gangli- 
on cell,” provided consistent wave- 
forms in only three of six patients be- 
cause of excessive blinking and yielded 
mixed normal and abnormal results; we 
are reluctant to base strong conclusioits 
on so small a sample.) 

The present results, combined with 
the results of a parallel study“ that found 
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: 3 3 i ery marked deficits in the same patients on 
Table 4.—Visual Evoked Response Results in Patients With Alzheimer’s Disease several psych ophysic al tasks, suggest 
P100 Latency that visual impairments in AD primari- 

































































































































Latency/ (Interocular ly result from cortical disease. Because 
Patient Check Size, Amplitude, Difference), our ability to measure several patients’ 
No. min of Arc Eye MaN me visual performance was limited by their 
1 35 R 106.6/7.7 6.4 dementia, the conclusion that the retin- 
L 100.2/5.7 ocalearine pathway generally remains 
70 R 105.7/8.7 3.0 intact in AD applies most clearly to pa- 
L 102.7/8.1 tients in the early or middle stages of 
4 35 R 98.8/5.5 34 the disease. 
L 95.7/5.3 Our testing strategy included the 
70 R 100.2/ 12.8 45 evaluation of the two types of retinal 
L 95.7/7.5 ganglion cells whose functional proper- 
5 17 R 111.5/14.5 0.0 ties have been the most well studied, ie, 
L 111.6/12.9 the color-opponent (P) and broad-band 
35 R 107.7/17.1 0.0 (M) retinal ganglion cells.*® Tests of 
l 107.7 / 13.4 central acuity, color, and fine stereopsis 
70 R 109.7/5.0 20 are thought primarily to reflect function 
L 107.7/6.1 of the P-cell pathway, while contrast 
6 35 R EAR 07 sensitivity and detection of fast flicker 
L 102.0/5.0 are thought primarily to reflect function 
70 R 97.8/5.0 4.9 of the M-cell pathway. Because AD is 
L 102.7/5.0 reported to involve primarily the larger 
9 17 R 104.1/11.9 0.3 M cells," one might expect to find 
L 103.8/ 13.7 abnormalities in contrast sensitivity 
35 R 101.7 / 10.4 O4 (middle and low spatial frequencies) and 
L 101:3/8:2 detection of fast flicker. 
= 70 R nz . ss as Our patients’ subnormal performance 
i = > : = ATIT on contrast sensitivity testing is consis- 
i e = 0.7 tent with the hypothesis that M cells are 
= : E oa damaged in AD; „however, their pre- 
; Oro = 47 served critical flicker fusion perfor- 
x x : re mance suggests otherwise. Recent 
z re 3.9 work in the macaque monkey demon- 
z - faye strated that a selective lesion of the M- 
i ae 25 cell pathway alone does not impair con- 
= x fay a trast sensitivity function.” Thus, if the 
i ee 1.3 deficit in contrast sensitivity function is 
-5 = Soper secondary to retinal ganglion cell dis- 
z Eo : 0.5 ease, there must be a nonselective loss 
x = = re of retinal ganglion cells with dropout of 
Silas 0.5 both M and P cells. Given what would 
È 105.4/4.9 3 i 
-5 5 Te then be widespread loss of retinal gan- 
i PATT glion cells (up to 80%), it would be sur- 





prising not to find clinical evidence of an 
optic neuropathy. Nonetheless, the col- 
lective results of our psychophysical 


tests did not reveal marked dysfunction 
Table 5.—Summary of Visual Evoked Response Test Data clearly ascribable to the retina or optic 
nerve, 
P100 Latency 


Check Our results are at variance with the 


























See, Latency; Amplituda; Bitterenca; observations of Sadun and colleagues" 

min of Arc ms uv ms S TORE À ; 
F of clinical abnormalities in patients with 
AD thought to be secondary to disease 

Mean + SD 107.8 + 5.3 13.3 + 0.6 0.2 + 0.2 T ae CBee y 

within the anterior visual pathway. In 
Range 104.0-111.5 12.8-13.7 vos one study, they observed subnormal 
Normal 106.8 + 6.4 8.3 + 3.7 acuity in all of their patients, optic nerve 
35 atrophy in five of 12 patients, visual 
Mean + SD 105.1 + 5.0 8.1 + 3.7 field defects suggestive of anterior 
pathway disease in two, unrecordable 

«2-113. .3-12.5 : 7 
Ponga deak e3 PVEPs in five, and a PVEP delay in 
Normal 102.9 + 7.4 7.13.7 most of the others. The discrepancy be- 
70 tween our findings and those of Sadun et 
Mean + SD 104.7 + 2.6 7.4 + 2.6 al is difficult to explain because the two 
Range 97.9-110.0 5.0-11.8 laboratories apparently examined simi- 





lar samples of patients with AD, who 
were recruited from AD research study 


Normal 103.8 + 6.9 7.9 + 3.6 
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Fig 4.—Representative pattern visual evoked potential recording (F,-OF.) from two patients with 
Alzheimer's disease. The upper tracings were recorded in response to a stimulus check size of 34 
minutes; the lower tracings were recorded to 47-minute checks. Each tracing is the average of 100 
stimuli with two repetitions. Superimposed calibration marks are in microvolts and milliseconds. 
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Fig 5.—Contrast sensitivity function. In a group 
of patients with Alzheimer’s disease and a wide 
range of dementia severity (solid circles), mean 
sensitivity is depressed at all frequencies mea- 
sured, relative to elderly control subjects (open 
circles). Differences between patients with Alz- 
heimers disease and elderly controls were 
P<.05 at 1.5 cycles per degree and P<.01 at 
3.0 cycles per degree. The horizontal bars 
show the limits of 1 SD. The patients who 
received this test are listed in Table 2. 


centers and diagnosed according to 
strict clinical criteria. Both samples in- 
cluded several patients with visual 
symptoms. Our sample had a greater 
percentage of moderately or severely 
demented patients (80%) than the sam- 
ple of Sadun et al (58%), suggesting that 
visual dysfunction should be more com- 
mon in our patients, not less. 

Our results are also at variance with 
the findings of Sadun et al®™" on histo- 
pathological examination of optic 
nerves, which showed a loss of 50% to 
80% of the retinal ganglion cell axons, 
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and the histopathological study of 
Blanks et al,” who presented evidence 
of a 60% to 93% loss of neurons of the 
ganglion cell layer of the fovea in pa- 
tients with AD. Most of the foveal cells 
are probably P cells, and a substantial 
attrition should decrease central acu- 
ity, 2 which we did not observe. 
Furthermore, two noninvasive studies 
that examined the retinal nerve fiber 
layers of patients with AD also found 
abnormalities suggestive of optic atro- 
phy,®* although the study of Tsai et al” 
did not reveal statistically significant 
differences on two of the three optic 
nerve head characteristics that were as- 
sessed. Last, two recent electrophysio- 
logical studies support the presence of 
anterior visual pathway disease in pa- 
tients with AD. Trick et al,” using high 
temporal frequency modulation, detect- 
ed a reduction in PERG amplitude in 
nine of 13 patients with AD who had at 
most mild dementia. This testing strat- 
egy is thought to be particularly sensi- 
tive to the function of the larger retinal 
ganglion cells that seem to be preferen- 
tially affected in AD. Katz et al” also 
demonstrated PERG responses that 
were of abnormally low amplitude, as 
well as an abnormal flash visual evoked 
potential waveform. 

We, however, observed neither optic 
nerve atrophy nor visual field abnor- 
malities suggestive of retinal or optic 
nerve disease in any of our 25 patients in 
the primary study, or in any of the 13 
patients in the subsequent study. In 
agreement with our findings, Drucker 
and Curcio” recently provided evidence 
that loss of retinal ganglion cells with 


AD is not greater than that consequent 
to aging. 

Our findings do not preclude the pos- 
sibility that an optic neuropathy or reti- 
nopathy is present in AD. A different 
set of visual tests, or different test pa- 
rameters, could have revealed abnor- 
malities that our tests missed. Indeed, 
our findings of subnormal contrast sen- 
sitivity function could reasonably be in- 
terpreted as evidence of afferent path- 
way disease, but the normal results on 
testing of critical flicker fusion argues 
against this conclusion. Two additional 
considerations may explain the dispari- 
ty between our clinical findings of rela- 
tively well-preserved anterior visual 
pathway function and other laborato- 
ries’ observations of histopathological 
evidence of a significant optic neuropa- 
thy. First, there is good evidence that 
there may be a substantial loss of retinal 
neurons before central acuity becomes 
significantly impaired,“ ” and the analo- 
gy could be easily applied to the results 
of our tests. Second, postmortem re- 
ports generally describe patients who 
are older and have more severe disease 
than those in our clinical study. 

Our results suggest that any visual 
impairment among patients with AD 
consequent to a retinopathy or optic 
neuropathy is minor compared with the 
well-known severe visual impairments 
resulting from cortical changes in AD. 
Subject to the constraints of patient co- 
operation and cognitive abilities, our 
failure to obtain evidence of significant 
retinocalcarine pathway abnormalities 
suggests that impaired vision in pa- 
tients with AD primarily results from 
damage to the visual association corti- 
ces rather than to precortical lesions, at 
least before the end stage of the disease. 
This conclusion is consistent with the 
histopathological evidence of preferen- 
tial damage to the association cortices in 
some patients with AD." 


This work was supported in part by grant 
EY08398 to Dr Sandberg from the National Eye 
Institute, Bethesda, Md. 
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Nervous System Lyme Borreliosis— Revisited 


Michael J. Finkel, MD, John J. Halperin, MD 


e A great deal of confusion surrounds the 
diagnosis, clinical phenomenology, and 
treatment of Lyme borreliosis. Most diagnos- 
tic methods currently in use are indirect and 
do not differentiate between prior exposure 
and current infection. A critical review of the 
literature permits the characterization ofa 
distinct set of neurologic disorders that are 
almost certainly caused by this infection and 
their differentiation from the plethora of syn- 
dromes that have been anecdotally linked to 
infection, but in which causality has never 
been established. This article describes the 
range of clinical disorders associated with 
Lyme borreliosis, provides an overview of 
current approaches to diagnosis, and re- 
views current treatment protocols. 

(Arch Neurol. 1992;49:102-107) 


Ory 15 years have passed since 
Steere and colleagues’ first identi- 
fied a cluster of cases of what appeared 
- to be juvenile rheumatoid arthritis in 
Lyme, Conn, beginning the character- 
ization of an apparently new disorder, 
now known as Lyme borreliosis. In this 
brief period, the causative spirochete, 
Borrelia burgdorferi, and its principal 
vector, the hard-shelled tick Ivodes 
dammini, have been identified,” and it 
has become apparent that this is not the 
completely novel North American dis- 
ease that was initially suspected. The 
pathognomonic skin lesion, erythema 
migrans, has been well described in the 
European literature since 1910’; simi- 
larly, the neurologic concomitants have 
been recognized since the case report of 
Garin and Bujadoux,’ published in 1922. 
It is now clear that this is a worldwide 
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zoonosis, with clusters of cases occur- 
ring in areas where the local ecology is 
particularly favorable for the ticks’ pre- 
ferred hosts, and where humans and 
other tick hosts are most likely to 
cohabit. 

Diagnosis of this disease is particular- 
ly problematic. The spirochetes are dif- 
ficult to culture, and even the most care- 
ful search of biopsy specimens often fails 
to demonstrate organisms.’ Nervous 
system involvement poses even greater 
diagnostic difficulties—biopsy carries 
significant potential for morbidity, and 
many neurologic disorders that might 
potentially overlap with Lyme-associ- 
ated problems lack “gold standard” di- 
agnostic tests to permit ready differen- 
tiation. In view of these difficulties, 
great reliance has been placed on sero- 
logic techniques. Unfortunately, lab- 
oratories have varied widely in the 
methods used (immunofluorescence vs 
enzyme-linked immunosorbent assays), 
antigens tested (whole spirochete soni- 
cate vs isolated antigens”), and even 
the definition of abnormality (arbitrary 
cutoff numbers, statistics based on a 
presumed normal distribution, and pop- 
ulation envelopes). Although recently 
there has been considerable improve- 
ment in quality control, legitimate de- 
bate continues regarding the resolution 
of these issues. Even when these differ- 
ences are resolved, one fundamental 
difficulty will remain: serologic testing 
can only indicate exposure to an organ- 
ism, not active infection. In hyperende- 
mic areas, 5% to 25% of asymptomatic 
individuals may have serologic evidence 
of exposure.™” Therefore, unless a titer 
can be demonstrated to be changing ina 
significant manner, serologic results 
cannot be used either to prove a diagno- 
sis of active Lyme borreliosis or to con- 
clude that a particular disorder is actu- 
ally caused by this infection. 


Several newer techniques have been 
introduced to try to resolve these dilem- 
mas. Unfortunately, these are as easy 
to use inappropriately as are all prior 
techniques. Evaluation of the specific 
cell-mediated immune response to 
B burgdorferi may be used to assess 
prior exposure to this organism.” How- 
ever, like serologic testing, this method 
(which is technically difficult to per- 
form, and considered quite controver- 
sial”), at best, can only demonstrate pri- 
or exposure to the causative organism, 
and cannot prove active infection. Other 
recent work has suggested that, in some 
patients, anti-B burgdorferi antibody 
may be trapped in immune complexes 
and, consequently, be undetectable in 
conventional assays. ° However, this in- 
triguing, but controversial, observation 
still requires confirmation in other lab- 
oratories. Potentially the most helpful 
new technique is the Western blot, a 
method that permits a more detailed 


analysis of the immune response. By mø 


demonstrating the specific antigens to 
which patients develop immune re- 
sponses, immunoblotting facilitates the 
differentiation of false-positive from 
true-positive results. Moreover, since 
the immune response generally evolves 
in sequential fashion,” with develop- 
ment of antibodies to increasing num- 
bers of distinct antigens as infection 
persists, simultaneously performed im- 
munoblots of serial samples can be used 
to differentiate ongoing infection from a 
persistent immune response due to pri- 
or exposure. Once this technique has 
been standardized, it may well become 
extremely helpful in the diagnosis of 
this disorder. 

More recently, antigen capture tech- 
niques have been introduced to try to 
detect bacterial breakdown products ' 
(eg, urine antigen capture assays). Al- 
though theoretically promising, this 
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Table 1.—Nervous System 
Manifestations 





Presumed Clinical 
Mechanism Phenomena 
Peripheral Nervous System 
Mononeuropathy Radiculoneuritis; 
multiplex mononeuropathy; 
plexopathy (lumbo- 
sacral, brachial); 
“Guillain-Barré-like,”’ 
late “distal” neuropa- 
thy (associated with 
late Lyme in the 
United States 
and acrodermatitis in 
Europe); 
cranial neuritis 
Nerve root Radiculoneuritis; 
involvement cranial neuritis 
Multifactorial Entrapment neuropa- 


thies 
Central Nervous System 
Neuraxis infection Lymphocytic meningitis; 
cranial neuritis; 
encephalomyelitis: 
acute (white matter 


>> gray) 
Unknown 
Infection?, Chronic leukoencephali- 
vasculitis?, tis 
immune?: 
t Encephalopathy 
“Postborreli- Fatigue, sleep disorder 


osis”? 






method is, as yet, without empiric sub- 
stantiation (and the initial kits are cur- 
rently being withdrawn from the mar- 
ket). Finally, polymerase chain reaction 
methods are being applied to try to de- 
tect B burgdorferi-specific DNA seg- 
ments.’ Again, these techniques are 
promising, but their application has 
been problematic, and a role in diagno- 
sis has yet to be established. 

In a sense, diagnosis of central ner- 
vous system (CNS) disorders is sim- 
pler. When antibody reactivity is mea- 
sured in serum samples, nonspecific 
‘cross-reactive antibodies cause signifi- 
cant confusion. In cerebrospinal fluid 
(CSF) samples, this is far less of a prob- 
lem, because normally no antibody is 
produced in the CNS. An assay that 
determines the proportion of total anti- 
body specific to B burgdorferi can be 
applied to both CSF and serum samples; 
if the proportion in the CSF is greater, 
then local production of specific anti- 
body must be occurring, indicating in- 
trathecal infection. ™™ The only draw- 
back of this technique is that specific 
antibody may remain proportionately 
higher in the CSF for an extended peri- 
od following successful treatment. 
However, even such an observation is 
useful in that it demonstrates prior CNS 
fection, ie, there are no false positives 
with this method, except those due to 
CNS infection with antigenically very 
similar organisms, such as in neurosy- 
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Table 2.—Findings in CSF in Neurologic Disorders Associated 
With Borrelia burgdorferi Infection * 










Intrathecal 















Postborreliosis 


Neurologic Lymphocytic Increased Oligoclonal Anti-B burgdorferi 
Disorder Pleocytosis Protein Bands Antibody 
Meningitis pë t ++ 
Encephalitis ++ + ++ 
Cranial neuropathy + £ + 
Radiculitis + + + 
Neuropathy + £ £ 
Encephalopathy = = + 













* CSF indicates cerebrospinal fluid; single plus sign, occasional; double plus sign, almost always; plus or mi- 


nus sign, highly variable; and minus sign, very uncommon. 


philis. The actual assay can be done by 
immunofluorescence or enzyme-linked 
immunosorbent assay, as long as CSF 
and serum specimens are properly di- 
luted beforehand, so that final immuno- 
globulin concentrations are compara- 
ble. Technically more straightforward 
is to perform a capture assay; a method 
that eliminates many intermediate 
steps, but, to date, few laboratories 
have perfected this technique.” 

Diagnosis of peripheral nervous sys- 
tem disorders is more difficult, because 
no comparably definitive laboratory 
method is available. Most studies?” 
have combined epidemiologic and thera- 
peutic studies, ie, clinical disorders oc- 
curring in patients who appear to have 
Lyme borreliosis by other criteria have 
been characterized and treatment re- 
sponse has been assessed.** This ap- 
proach is more indirect, but if compara- 
ble observations are made in large 
numbers of patients with unequivocal 
Lyme borreliosis, conclusions should be 
valid. 

For any disorder to be attributed to 
Lyme borreliosis, the patients must 
have appropriate epidemiologic data, 
compelling clinical observations, and re- 
liable supporting laboratory findings. 
Appropriate epidemiologic data include 
the presence of proper vectors and the 
spirochete in the environment and suit- 
able host conditions. Compelling clinical 
data depend on thorough histories, com- 
plete physical examinations and diag- 
nostic studies, and objective responses 
to therapy. Where available or possible, 
direct neuropathologic and microbiolog- 
ic studies can be useful. When indirect 
tests are used to demonstrate immuno- 
logic exposure, these tests should be 
quantitative, with high specificity and 
sensitivity. 

Obviously, the only way to determine 
whether or not particular neurologic 
disorders are caused by B burgdorferiis 
to apply these strict criteria in system- 
atic fashion. Unfortunately, many no- 
tions have found their way into popular 
Lyme borreliosis mythology without 


being subjected to such scrutiny. In con- 
sidering the manifestations of this ill- 
ness, it is important to remember that 
Lyme borreliosis is a bacterial infection, 
and not a totally novel pathophysiologic 
entity. It is somewhat unusual in that 
the organisms are slowly dividing and 
can persist for an extended time. How- 
ever, differences from other infectious 
diseases are more quantitative than 
qualitative. 

Finally, it has been popular, by analo- 
gy to syphilis, to consider this disease as 
occurring in stages. Although the origi- 
nal rigid classification is no longer con- 
sidered helpful, it is useful to think of 
disease as acute but localized (erythema 
migrans), acute but disseminated, or 
chronic and disseminated. Often, the 
same organ systems (particularly the 
joints and nervous system) can be in- 
volved in either the acute or chronic 
disseminated phases. At least with neu- 
rologic abnormalities, it appears that 
individuals with more severe infection 
develop acute symptoms, while those 
with less fulminant involvement only 
come to medical attention after symp- 
toms have persisted and progressed for 
a longer period. In general, it is not 
clear that there are pathophysiologic 
differences between the acute and 
chronic neurologic manifestations—in 
fact, most evidence suggests that they 
vary primarily in severity.” There are 
some data suggesting that a subset of 
patients with rheumatologic involve- 
ment may be HLA-predetermined to 
progress to a late form of arthritis that 
persists despite eradication of infecting 
organisms.” Whether analogous phe- 
nomena occur in neurologic disease re- 
mains to be determined.” 


NEUROLOGIC DISORDERS FOR WHICH 
THERE IS SOLID EVIDENCE FOR THE 
ASSOCIATION WITH INFECTION 
BY B BURGDORFERI 


When one applies the above firm stan- 
dards, it is possible to associate several 
distinct neurologic disorders with 
B burgdorferi infection (Table 1)). (It is 
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virtually impossible to determine the 
precise relative incidences of these dis- 
orders, due to the considerable ascer- 
tainment bias inherent in all published 
series.) 


Lymphocyte-Predominant Meningitis 


Lymphocyte-predominant meningi- 
tis occurs most commonly in the acute 
disseminated phase of the illness.” 
Meningismus may be surprisingly mild; 
other evidence of systemic illness may 
be minimal. The spinal fluid (Table 2) 
will show a lymphocyte-predominant 
pleocytosis; plasma cells may be pres- 
ent. Protein elevations are mild; glucose 
concentration is usually normal. In- 
trathecal production of antibodies to B 
burgdorferi is almost invariably evi- 
dent.” Oligoclonal banding may be pres- 
ent, with the bands reactive to B burg- 
dorferi antigens.*” This meningitis ap- 
pears to occur in response to direct inva- 
sion of the bacteria into the sub- 
arachnoid space.” Although the older 
literature suggests that patients may 
improve spontaneously without antibi- 
oties, treatment with parenteral antimi- 
crobials is considered necessary. 


Cranial Neuritis 


Cranial neuritis is probably the most 
common neurologic manifestation of 
acute disseminated Lyme borrelio- 
sis.*” The most frequently involved 
nerve is the seventh; this may be bilat- 
eral, with weeks to months separating 
the two episodes. More disseminated 
oligocranial neuritis is a rare finding. As 
with radiculoneuritis, this disorder may 
or may not involve nerve segments 
within the neuraxis.”” Involvement 
within the subarachnoid space usually is 
accompanied by a CSF pleocytosis or 
elevated protein (even in the absence of 
clinical signs or symptoms of meningi- 
tis), almost always with concomitant in- 
trathecal production of anti-B burgdor- 
feri antibodies (Table 2). In the absence 
of such intrathecal antibody production, 
determining that a cranial or peripheral 
neuropathy is causally related to 
B burgdorferi infection must be more 
inferential, requiring appropriate sup- 
porting serologic, clinical, and epidemi- 
ologic data. Because cranial neuro- 
pathies without CSF abnormalities may 
not involve infection within the blood- 
brain barrier, patients with negative 
CSF test results may respond to oral 
antibiotics; if CSF pleocytosis is pres- 
ent, parenteral antibiotics are a better 
choice. 


Radiculoneuritis 


Radiculoneuritis is well-recognized in 
this disorder,*””"” occurring most fre- 
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quently in acute disseminated infection. 
Many individuals will develop lancinat- 
ing radicular pain, often in the dermato- 
mal distribution where the original tick 
bite occurred; in Europe, this is known 
as Garin-Bujadoux-Bannwarth syn- 
drome.*" Like cranial neuritis, this is 
often associated with a CSF lymphocyt- 
ic pleocytosis; when this occurs, intra- 
thecal antibody production is usually 
demonstrable (Table 2). Although pa- 
tients with this disorder may have spon- 
taneous symptomatic remission without 
antibiotic treatment, antimicrobials are 
necessary to eliminate any potential for 
residual infection. 


Encephalomyelitis 


Encephalomyelitis may occur either 
in an acute severe form” or as a more 
indolent chronic disorder.” In both, 
CSF shows a lymphocyte-predominant 
pleocytosis, and intrathecal production 
of anti-B burgdorferi antibody is usual- 
ly evident (Table 2). Abnormalities, 
both clinically and by magnetic reso- 
nance imaging of the brain, tend to in- 
volve white matter, although occasion- 
ally seizures occur, indicating cortical 
involvement as well. Rarely magnetic 
resonance imagings have demonstrated 
involvement of cortex and basal ganglia 
(J.J.H., unpublished observations). In 
these patients, either multiple sclerosis 
or parainfectious demyelinating disor- 
ders have often been diagnosed; howev- 
er, there is no evidence to suggest that 
Lyme-associated encephalomyelitis in- 
volves demyelination.” In the acute 
form, antimicrobials are clearly benefi- 
cial, while corticosteroids appear to 
make subsequent eradication of the in- 
fection more difficult.” In the chronic 
form, it is not clear that either antimi- 
crobials or immunosuppressives have a 
significant impact on the disease. In vir- 
tually all instances, assessment of in- 
trathecal production of anti-B burgdor- 
feri antibodies readily discriminates 
between this infectious disorder and im- 
mune-mediated demyelination. 


PERIPHERAL NERVOUS SYSTEM 
INVOLVEMENT 


With disorders of the peripheral ner- 
vous system, diagnosis must be estab- 
lished by more indirect means. Serolog- 
ic tests are widely used to prove that 
exposure has occurred; electrodiag- 
nostic studies can characterize and 
quantitate the peripheral nervous sys- 
tem disorder. Nerve biopsies, when 
performed, have confirmed the conclu- 
sion based on neurophysiologic stud- 
ies” that these disorders are predomi- 
nantly axonal and have usually 
demonstrated epineurial and perineurial 
perivascular inflammatory infiltrates.“ 


However, neither spirochetes nor depo- 
sition of antibody or complement have 
been evident (Table 1). 

Clinical presentations vary widely. 
Deficits can be localized and painful, 
suggesting radiculitis or plexitis; often 
abnormalities are milder and more 
widespread, suggesting either a distal 
neuropathy or a mononeuropathy multi- 
plex. The neuropathy may be acute and 
disseminated; this may clinically mimic 
Guillain-Barré syndrome, but the pa- 
tients generally have a CSF pleocytosis 
and neurophysiologic studies demon- 
strate an axonal process, not demyelin- 
ation. Even cranial neuropathies may 
occur as part of a peripheral process.” 
In all these various presentations, the 
underlying pathophysiologic mecha- 
nism appears to be a mononeuropathy 
multiplex, with very similar neuro- 
physiologic findings regardless of the 
clinical presentation.” 


AREAS OF CONTROVERSY IN 
LYME NEUROBORRELIOSIS 


As with any disease early in the pro- 
cess of being defined, there are condi- 
tions whose relationship to Lyme bor- 
reliosis is uncertain. These can be 
classified under two general categories. 


Disorders of Unclear Cause 


Since many neurologic disorders are 
of undefined cause, it has been tempting 
to look for associations between this 
novel infectious disease and idiopathic 
inflammatory or degenerative disor- 
ders. Attention has focused particularly 
on multiple sclerosis, amyotrophic lat- 
eral sclerosis, and Alzheimer’s dis- 
ease.®™® Case reports of stroke,” syrin- 
gomyelia,” chorea, and psychiatric 
disorders” have appeared as well. As 
with any associations based on small 
numbers of cases, interpretation can be,) 
difficult. The known association of neut 
rosyphilis with cerebral vasculitis has 
led to efforts to associate cerebrovascu- 
lar disease in young adults with this 
infection. Although a few suggestive 
cases have been reported, this appears 
to occur extremely rarely (if ever). Sim- 
ilarly, anecdotal instances of dementia 
and psychiatric illness have been re- 
ported, but the pathophysiologic link 
between these disorders and B burgdor- 
feri infection remains tenuous. 

The potential for overlap with multi- 
ple sclerosis has been raised repeatedly. 
The only systematic epidemiologic 
study from an endemic area demon- 
strated a lower rate of seropositivity 
among patients with multiple sclerosis 
than among control subjects.” Otiter 
nonepidemiologie studies have failed’ 
to demonstrate evidence of intrathecal 
antibody production to B burgdorferi 
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Table 3.—Treatment of Lyme Borreliosis 


Agent Dosage 


Duration Notes 





Without Central Nervous System Invasion 


Doxycycline 100 mg twice to three 


times a day 


2-3 wk Not if <8 y old 
or if pregnant/ 


lactating 





Amoxicillin 
With or without 
probenecid 


0.5-1 g three times a day 
0.5 g three times a day 


Not if <2 y old 


With Central Nervous System Invasion or Failure on Oral Regimen 


Ceftriaxone 2 g/d 


2-4 wk Not in neonates or 


late pregnancy 





Cefotaxime 2 g three times a day 


2-4 wk 





Penicillin 20 MU/d 


2-4 wk 


Pediatric Doses 


Amoxicillin 40 mg/kg per day, in 
three divided 
doses per day, if 


weight <23 kg 





Probenecid 25 mg/kg initial, 
then 10 mg/kg 
four times a day 


(ages, 2-14 y) 





Ceftriaxone Without meningitis, 
50 mg/kg per day 


up to 2 g/d; with 


meningitis, 80 mg/kg 


per day up 
to 2 g/d 





Cefotaxime 120 mg/kg per day, 


in four to six divided 


doses (ages, 1 mo-12 y); 


weight >50 kg, 
adult doses 


antigens in any untreated patients with 
relapsing remitting multiple sclerosis. 
Questions have also been raised about 
a potential association with amyotro- 
phic lateral sclerosis.“ Although most 
studies have failed to support any such 
association,“ one study“ from a hyper- 
endemic area suggested an increased 
rate of seropositivity among patients in 
whom amyotrophic lateral sclerosis was 
pee It is possible that some pa- 
ients with B burgdorferi infection may 
develop a motor polyradiculitis; this is in 
need of considerable additional study. 
Finally, it has been noted that many 
patients with otherwise typical Lyme 
borreliosis (arthritis, low-grade fever, 
other systemic symptoms) describe a 
sense of fatigue and cognitive slow- 
ing.’ In most instances, these indi- 
viduals do not have any focal neurologic 
deficits, and CSF is completely benign 
(including studies for intrathecal anti- 
body production).” This most likely is a 
“toxic metabolic” encephalopathy, no 
different from that seen in other sys- 
temic illnesses. Unfortunately, in some 
patients with no sound historical, clini- 
cal, or laboratory evidence for Lyme 
Bétreliosis “CNS Lyme disease” is diag- 
nosed, purely on the basis of the nonspe- 
cific complaints of fatigue and cognitive 
slowing. Detailed studies of large num- 
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bers of such patients have failed to sup- 
port a diagnosis of CNS infection in any, 
and, not surprisingly, response to anti- 
biotics has been far less impressive than 
that in patients with disorders that are 
more clearly associated with active 
infection. 


Postborreliosis Disorders 


Even more problematic has been a 
group of syndromes that are best con- 
sidered as postborreliosis disorders; a 
term used to describe signs and symp- 
toms that persist after antibiotic treat- 
ment. Generally, additional antibiotic 
therapy offers no further benefit. These 
disorders can be divided into sub- 
groups. The simplest group to explain 
consists of individuals with persistent 
focal neurologic symptoms or signs. In 
the course of active disease, these pa- 
tients develop peripheral or central ner- 
vous system damage that may remain 
after definitive antimicrobial treat- 
ment. As with many neurologic disor- 
ders, some slow improvement can be 
expected depending on the location and 
severity of the damage. 

Second is the group of patients with 
symptoms that are of an affective or 
constitutional nature. Following treat- 
ment, many patients will note persis- 
tent fatigue, sleep disorder, or frank 


it ok | 


depressive symptoms. Some individ- 
uals describe protracted difficulty with 
memory, concentration, and other cog- 
nitive functions. Although, theoretical- 
ly, these too might be due to residual 
CNS damage, usually there is little else 
to suggest that this is the case (ie, clini- 
cal examination, magnetic resonance 
imagings of the brain, CSF study re- 
sults, and electroencephalograms are 
usually all normal). The cause of this 
disorder is completely unclear. In some 
individuals, it may represent a second- 
ary depressive or adjustment disorder 
in response to the long illness. This is 
not a direct result of infection, but rath- 
er is a common human response to sig- 
nificant illness. This often responds to 
antidepressants, not repeated doses of 
antibiotics. Notably, this appears to oc- 
cur no more frequently in patients with 
Lyme than in those with other chronic 
medical illness. *” 


TREATMENT REGIMENS: 
ANTIMICROBIALS WITH DEMONSTRATED 
EFFECTIVENESS IN LYME BORRELIOSIS 


The mainstay of therapy for Lyme 
borreliosis consists of several main 
classes of antibiotics: the tetracyclines, 
the third-generation cephalosporins, 
and penicillin and its derivatives (Table 
3). Oral medication is effective for local- 
ized infection, and may be adequate in 
many patients with mild systemic in- 
volvement. Although one report has in- 
dicated that high-dose oral doxycycline 
may produce inhibitory levels in the 
CSF,” generally, parenteral regimens 
are necessary for CNS infection or for 
other disorders that have failed to re- 
spond to oral treatment. The expense 
and potential for morbidity with intra- 
venous regimens can be considerable; 
these should be reserved for circum- 
stances where they are clearly 
indicated. 


Oral Medications 


Oral medications are most useful for 
localized Lyme borreliosis. The two 
most widely used regimens are doxycy- 
cline, which can be given two or three 
times a day (100 mg), or amoxicillin, 
which can be given three times daily 
with probenecid to achieve persistent 
elevations of blood levels. Doxycycline 
is not given to children less than 8 years 
of age, or to pregnant or lactating wom- 
en. Amoxicillin recommendations vary 
between 500 and 1000 mg three times 
daily, with probenecid 500 mg three 
times daily. For children weighing less 
than 23 kg, the usual amoxicillin dosage 
is 40 mg/kg per day in three divided 
doses. Probenecid should not be given 
to children younger than 2 years of age. 
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Between ages 2 and 14 years, the initial 
dose is 25 mg/kg, with a maintenance 
dose of 10 mg/kg four times daily. All 
regimens are given for 2 to 3 weeks. 
Although erythromycin is commonly 
recommended for use in penicillin-aller- 
gic patients, its clinical utility is ex- 
tremely limited in this infection” and, 
generally, it should not be used. Cefix- 
ime and cefuroxime have been widely 
used, but there are no data demonstrat- 
ing superiority to amoxicillin or doxycy- 
cline, and the additional expense is 
considerable. 


Parenteral Medications 


Parenteral medications are used in 
individuals with Lyme neuroborreliosis 
or in those with other severe or refrac- 
tory chronic Lyme manifestations. Pen- 
icillin was the first agent used for this 
purpose (20 million units per day). Sub- 
sequent studies” have suggested that 
third-generation cephalosporins may be 
more efficacious. The two most widely 
used regimens are ceftriaxone, 2 g in- 
travenously or intramuscularly once 
daily, or cefotaxime, 2 g intravenously 
three times daily.” Dividing the dose of 
ceftriaxone, or giving higher daily 
doses, has not been demonstrated to 
improve the clinical response”; costs 
and side effects increase considerably. 
In children with chronic Lyme borrelio- 
sis or acute disseminated Lyme borre- 
liosis without meningitis, ceftriaxone is 
given at 50 mg/kg once daily, up to 2 g 
daily. For children with acute dissemi- 
nated Lyme borreliosis with meningi- 
tis, ceftriaxone is given at a dose of 
80 mg/kg once daily, up to 2 g daily. 
Ceftriaxone should not be used in neo- 
nates. The pediatric dose of cefotaxime 
is 120 mg/kg per day in four to six equal- 
ly divided doses for children aged 1 
month to 12 years, weighing 50 kg or 
less. Adult doses are given to children 
weighing over 50 kg. 

The literature contains no agreement 
on the duration of treatment or on the 
minimal adequate dosages of antimicro- 
bials. Randomized prospective studies 
are currently under way to determine 
the relative efficacy of 2-week vs 
4-week courses of intravenous ceftriax- 
one. Ceftriaxone is also being compared 
with oral doxycycline in patients with 
acute disseminated Lyme borreliosis 
without meningitis. Some articles rec- 
ommend 3 to 4 weeks of parenteral or 
oral antibiotics. Since there is no agree- 
ment, the best course of action is to re- 
evaluate after 2 weeks, and then admin- 
ister additional antibiotics if it seems 
warranted, for a maximum course of 
antibiotics of 4 weeks. At the present 
time, there is no evidence to support 
treatment for longer than 4 weeks. It is 
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important for the physician to remem- 
ber the postborreliosis syndromes when 
patients continue to describe persistent 
symptoms after the completion of anti- 
biotic therapy. 


SUMMARY: THE END OF 
THE GREAT IMITATOR 


Since the first descriptions of neuro- 
borreliosis, it has been tempting to 
draw parallels between this infection 
and neurosyphilis. Both are caused by 
spirochetes, both start with a cutaneous 
lesion, are followed by an acute, dissem- 
inated phase, and then progress to later 
sequelae, with a particular predilection 
for nervous system involvement. In 
both, diagnosis after the initial infection 
depends on indirect immunologic tests. 
Many authors have pushed this analogy 
further and recall the description of 
syphilis as the Great Imitator. Howev- 
er, it must be remembered that at the 
time syphilis was considered so prote- 
an, medicine’s knowledge of other disor- 
ders, and diagnostic capabilities, were 
quite different. In retrospect, much 
that was attributed to syphilis probably 
had little to do with this infection. As we 
learn more about neuroborreliosis, this 
may well become the strongest similar- 
ity between these two disorders—that 
in both misdiagnosis accounted for giv- 
ing the responsible organism far more 
credit for a chameleonlike nature than it 
really deserved. Adherence to basic sci- 
entific principles and thoroughness in 
the practices of clinical medicine have 
demonstrated that there are definite 
pathophysiologic mechanisms and ex- 
planations for these specific syndromes. 
If a clinical pearl is to be adopted for 
Lyme borreliosis, current knowledge 
suggests “Imitate Great Thinkers and 
forget the Great Imitator.” 
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Combined Trochlear Nerve Palsy and 
Internuclear Ophthalmoplegia 


Paul Vanooteghem, MD; Ides Dehaene, MD; Michel Van Zandycke, MD; Jan Casselman, MD 


e We report a case of left superior oblique 
palsy combined with a right internuclear 
ophthalmoplegia. A right mesencephalic le- 
sion involving the trochlear nerve nucleus 
(or its fibers prior to decussation) and the 
medial longitudinal fascicle was hypothe- 
sized. Magnetic resonance imaging showed 
alesion at the suspected level. 

(Arch Neurol. 1992;49:108-109) 


n the absence of other signs, localiza- 
tion of the site of injury is not possi- 
ble in cases of trochlear nerve palsy. A 
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Left, T,-weighted axial image (repetition time, 2500 milliseconds; echo time, 90 millise 
hyperintense lesion (arrow) is seen anterior and to the right of the sylvian aqueduct ( 
cross section at the level of the trochlear nuclei. Note the close relationship 


trochlear nerve palsy combined with an 
internuclear ophthalmoplegia suggests 
a brain-stem lesion. A few reports deal 
with unilateral midbrain lesions affect- 
ing only the trochlear nerve, in which 
the lesion was documented by computed 
tomographic scan or magnetic reso- 
nance imaging. ™™** 


REPORT OF A CASE 


The day before admission to the hospital, a 
41-year-old man complained of diplopia while 
playing basketball. The findings of the gener- 
al examination were unremarkable. There 
was a vertical diplopia, more marked in the 
right downward gaze. In this position, there 
was a slight elevation of the left eye, but not 
in the primary position. The red-glass test 
confirmed that the diplopia was due to a defi- 
cit in the left eye. 

Head tilt to the left increased the diplopia. 


This confirmed a left superior oblique deficit. 
There was a slowed adduction saccade of the 
right eye—volitional saccade and optokinetic 
nystagmus—and an abduction nystagmus of 
the left eye. There was no Horner's syn- 
drome; convergence was normal. The find- 
ings were consistent with a right internucle- 
ar ophthalmoplegia and a right nuclear (or 
fascicular) trochlear nerve palsy. 

The findings of the rest of the neurologic 
examination were normal. Magnetic reso- 
nance imaging revealed a small area of de- 
creased signal intensity in the right dorsal 
mesencephalon on T,-weighted images and 
increased signal intensity on T,-weighted im- 
ages. In addition, five punctate areas of in- 
creased signal intensity were noted on T, 
sequences: in the frontoparietal region on the 
left, bilaterally in the cerebellum, in the in- 
ternal capsule on the left, and in the external 
capsule on the right. The cerebrospinal fluid 
was completely normal. Electro-oculo- 


conds; and number of repetitions, 2) through the midbrain. A small 
arrowhead). Right, Anatomic drawing of the brain stem with axial _ 
of the trochlear nucleus and the medial longitudinal fascicle. 1 indicates the 


trochlear nucleus; 2, medial longitudinal fascicle; 3, sylvian aqueduct; 4, trochlear nerve; 5, decussation of the trochlear nerve fibers; and 6, inferior 
colliculus. 
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graphy confirmed a right internuclear 
ophthalmoplegia. 

The patient’s eye movements gradually 
normalized over the following days. 


COMMENT 


The nucleus of the trochlear nerve lies 
in the gray matter ventral to the sylvian 
aqueduct. Its fibers course laterally and 
then anteriorly and upward, where they 
decussate in the superior medullary ve- 
lum. The medial longitudinal fascicle 
lies anterior to the trochlear nerve 
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nucleus. 

In our case there was a left superior 
oblique palsy and a right internuclear 
ophthalmoplegia. One should expect a 
unique lesion involving the nucleus of 
the right trochlear nerve (or its fibers 
prior to decussation) as well as the adja- 
cent medial longitudinal fascicle. Mag- 
netic resonance imaging revealed a le- 
sion in the expected area (Figure). The 
nature of the lesion was inconclusive: 
the diagnostic criteria for multiple scle- 
rosis were not fulfilled, and there was no 


References 


lesions of the fourth cranial nerve. Brain. 
1970;93:567-574. 

4. Guy J, Day AL, Mickle JP, Schatz NJ. Con- 
tralateral trochlear nerve paresis and ipsilateral 
Horners syndrome. Am J Ophthalmol. 
1989;107:73-76. 

5. Lavin PJM, Troost BT. Traumatic fourth 
nerve palsy: clinicoanatomic correlations with com- 
puted tomographic scan. Arch Neurol. 1984;41:679- 


Trochlear Nerve Palsy—Vanooteghem et al 


evidence of vasculitis or cardiogenic em- 
boli. In the monkey, lesions of the medi- 
al longitudinal fascicle at the level of the 
trochlear nerve do not result in internu- 
clear ophthalmoplegia.* 

To our knowledge, the association of a 
trochlear nerve palsy and an internucle- 
ar ophthalmoplegia has never been de- 
scribed. Some instances of internuclear 
ophthalmoplegia with skew deviation 
may represent concomitant involve- 
ment of the medial longitudinal fascicle 
and the trochlear nerve.’ 
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and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 
words "Box—, c/o AON" are to be counted as 
three words. 


Classified Display 1 Time 3 times 

or more* 
Full page $557 $501 
Two-thirds page 476 428 
One-half page 421 379 
One-third page 334 301 
One-sixth page 223 201 
Column inch 65 55 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then prevailing 
rates. 


Box Service 
Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 





Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-766 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisement 


orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
6. Please do not send classified ads, payments or related 


s: All replies must be in writing and must cite the box number in the ad. Example: 
clo AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 





Professional Opportunities 





NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University’s College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


Neurologist — BEC for July 


1992 to join three BC adult neurologists 
in well-established practice in northern 
New Jersey. Experience in EEG, EMG 
required. Please reply with CV to: 

Box #825, c/o AON. 


INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is 
necessary. Sub-specialty training is desirable, but 
not necessary. Indianapolis is a desirable, growing, 
clean and safe community. Excellent salary plus 
bonus and benefits leading to stock holder oppor- 
tunity. Send CV to: Midwest Neurological Institute, 
998 East Main Street, #202, Danville, IN 46122. 


NEUROLOGIST WITH INTEREST in stroke, 
dementia, sleep or EEG to join existing neurologic 
group in southeastern Wisconsin. Two full-time 
neurologists and part-time pediatric neurologist and 
neuropsychologist. Rapidly expanding practice 
located one hour north of Chicago. Early partner- 
ship. Salary negotiable. Contact: Raymond L. 
Rybicki, MD, (414) 631-8550 or send CV to: 3803 
Spring Street, Suite 201, Racine, WI 53405. 


NEUROLOGIST: BC/BE to join an established 
group in suburban Chicago. Strong clinical skills 
with EEG/EMG required. Salary leading to 
partnership. Send CV to: Box #826, c/o AON. 


PROFESSIONAL NOTICE — We are seeking an 
individual to join four busy neurologists in a mixed 
academic/private practice. Enjoy the atmosphere of 
a university faculty appointment with the benefits of 
private practice. The practice is based in a 450-bed 
teaching hospital with full neurodiagnostic 
capabilities. The candidate should be BC/BE. 
Subspecialty training and ability to perform 
NCS/EMG desirable. Located in a large Great 
Lakes city with superb cultural and recreational 
facilities. This is an outstanding opportunity for a 
clinical neurologist with an interest in teaching. 
Please reply to: Box #834, c/o AON. 


NEUROLOGIST WITH EEG, EMG and evoked 
potential experience for busy neurology office. Full- 
time position. Heavy Spanish, oriental (Japanese, 
Chinese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 























Professional Opportunities 





HAVEN FOR outdoor enthusiasts — Beautiful 
Escanaba, Michigan is seeking a neurologist to 
establish a busy practice in a 50,000 population 
service area, currently without a neurologist. A 
confident generalist will be immediately productive 
with established patient base and practice support 
from Saint Francis Hospital. Resort community 
offers unspoiled natural beauty, Hiawatha National 
Forest, Little Bays de Noc and harbor, abundant 
summer and winter sports, boating, legendary 
fishing, hiking, skiing and snowmobiling. Healthy 
lifestyle; good schools; friendly community. Contact: 
Dawn Hamman, Saint Francis, Inc., 4541 North 
Prospect, Suite 400, Peoria, IL 61614. (800) 232- 
3129. 


EPILEPTOLOGIST: The Colorado Neurological 
Institute (CNI) is recruiting a clinical epileptologist. 
Candidates should have: 1) Two year fellowship, or 
experience, in epilepsy; 2) Board certification by 
ABPN (or in process); 3) Board certification by 
ABCN (or in process); 4) Willingness to develop 
clinical or basic research. This is an outstanding 
opportunity to participate in tertiary care within the 
realm of a not-for-profit institute. CNI is located near 
the beautiful Rocky Mountains in Denver, Colorado. 
Salary and benefit package is competitive. Please 
send CV or contact: Ronald E. Kramer, MD, Medical 
Director, Rocky Mountain Epilepsy Center, CNI, 701 
East Hampden Avenue, Englewood, CO 80110. 
FAX: (303) 788-4633. 


GEORGIA — Board-certified/board-eligible neurol- 
ogist to join group of one neurologist and two neuro- 
surgeons. City of 150,000 plus with 500,000 plus 
drawing area. Excellent community to raise a family. 
All diagnostics available. Atlanta, one hour away. 
Early partnership with competitive salary and bene- 
fits. Please reply with CV to: Box #836, c/o AON. 


NEUROLOGIST — BC/BE wanted to join newly 
established practice. Busy office, hospital con- 
sultation and EMG/EEG/EP laboratory. All 
diagnostic facilities available. Southern university 
city. More than competitive first year salary and 
bonus with potential partnership in one year. Sendagi 
CV: Box #830, c/o AON. 




























The University of New Mexico 
Department of Neurology has a 
tenure-track faculty position avail- 

able. We are seeking an individual 
committed to research, teaching and 
patient care in a medical school set- 
ting with special skill in behavioral 
neurology, EEG, EMG, or neuromus- 
cular diseases. 

Women and minority 
encouraged to apply. 
letters of reference to: 


Gary Rosenberg, MD, Professor and 
Chairman, Department of Neurology, 
University of New Mexico, 
Albuquerque, NM 87131. 
Closing date for applicants is 
January 31,1992. EEO/AA 


applicants are 
Seni CV and 











CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained specia 
Contact: Mike Kaufman, MD, 1900 Randolph Road, 
Suite 1010, Charlotte, NC 28207. Or call: (704) 334- 
7311. 





PLEASE NOTE — Address replies to box number 
ads as follows: Box number . c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





Professional Opportunities 


Professional Opportunities 





MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. 
Contact: William Gfeller, 450 Hookahi Street, 
Wailuku, Maui, HI 96793. (808) 244-5541. 


NEUROLOGIST: Urban area in North Carolina. 
BC/BE to join solo neurologist in a rapidly 
expanding, progressive and active practice. All 
neurodiagnostic modalities available. Excellent 
salary leading to partnership. Experience in EMG, 
EEG and EPs. Please reply with CV to: Box #822, 
c/o AON. 


NORTH CAROLINA-Outstanding opportunity for BC/BE 
neurologist to practice in lovely progressive southern city 
tucked between mountains and beaches. Experience 
financial security in growing family oriented community 
close to Charlotte. Enjoy numerous recreational amenities, 
and good neighborhood schools. Service area of 200,000 
served by fully accredited community hospital. Profess- 
ionally stimulating environment offering the latest in medical 
technology and knowledgeable colleagues in multiple 
specialties. Send letter and CV to: Box 835, c/o AON. 















VIRGINIA — BC/BE neurologist to join growing multi- 
subspecialty neurology practice in southeast 
Virginia/Coastal North Carolina area, including 
South Hampton Roads (Norfolk metropolitan) 
region. Competitive salary leading to partnership. 
Send CV to: Robert B. Hansen, MD, Southeastern 
Neurology Group, PC, 311 County Street, Suite 
201, Portsmouth, VA 23704. 


NEUROLOGIST — BC/BE to join exceedingly busy 
and rapidly expanding neurology group in Phila- 
delphia, Pennsylvania. Excellent opportunity for 
highly motivated neurologist to work in subspecialty 
of neuromuscular disease, epilepsy, rehabilitation, 
and occupational neurology. Training and expe- 
rience in EMG, EEG and EPs preferred. Academic 
affiliation within teaching and community hospitals. 
Large, modern office, fully equipped for electro- 
diagnostic testing. Excellent salary and benefit 
package leading to partnership. Send CV to: L. 
Carita, Practice Administrator, 125 South 9th Street, 
Philadelphia, PA 19107. 














e 
Stroke Neurologist 
The Ochsner Clinic in New Orleans is 
seeking a BE/BC neurologist with fellow- 
ship training in cerebral vascular disease. 
The candidate should have strong clinical 
skills in managing patients with cerebral 
vascular disease. An interest in clinical 
research is important. The department is 
a participant in the asymptomatic carotid 
artery stenosis clinical trial. 


The Oschner Clinic is a large (250 MDs) 
multi-specialty clinic with an adjoining 
550-bed hospital. The neurology service is 
affiliated with the Tulane University 
Neurology Department and our staff have 
clinical appointments at Tulane University. 
The neurology service has teaching respon- 
sibilities at the Ochsner Foundation 
Hospital for Tulane Neurology residents, 
Ochsner Medicine residents, Louisiana 
State University Rehabilitation residents, 
Ochsner interns, and Tulane medical 
students. 


At Ochsner there are also opportunities for 
individual and cooperative clinical research. 


Interested physicians should send a 
complete CV to: 





Dr. Richard Strub 
‘Chairman, Department of Neurology 


Ochsner Medical Institutions 


1514 Jefferson Highway 
New Orleans, Louisiana 70121 


For more details, please call: (504) 838-3980 














Practices Available 





STROKE NEUROLOGIST: Well known, well 
established neurosurgical and neurological group 
practice in western Massachusetts seeks BC/BE 
neurologist with special training in stroke to join 
busy practice and to help establish a stroke unit at 
the Baystate Medical Center, a 900-bed teaching 
hospital and the western campus of Tufts Medical 
School. Clinical research available. Send CV to: 
Michael R. Sorrell, MD, 80 Congress Street, 
Springfield, MA 01104. 


SOUTHERN CALIFORNIA 


Outstanding opportunity for motivated BC/BE 
neurologist with clinical and electrodiagnostic 
proficiency. Join a solo neurologist in an 
established and respected office and hospital- 
based practice. Balanced private/PPO/HMO 
profile. Excellent growth prospects. 


New office with fully equipped electrodiag- 


nostic laboratory located in North Orange 
County. Area offers attractive living condi- 
tions, recreational opportunities and excellent 
public schools. 


Generous guaranteed salary and benefit pack- 
age with opportunity for early partnership. 


Box 821, c/o AON 





CAROLINA — PIEDMONT: BC/BE adult neurologist 
to join two neurologists in busy clinical practice. All 
neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are 
regularly assigned to the hospital and offer an 
opportunity for teaching. Marquette General Hos- 
pital and its medical staff are committed to building 
a center of excellence in the neurosciences and 
have the necessary financial resources. The devel- 
opment of these services will require the leadership 
and cooperation of physicians in the field of neu- 
rology, neurosurgery, psychiatry, physical medicine 
and rehabilitation. Salaried and private practice 
positions are available. If this special opportunity is 
of interest to you, please send CV to: Robert J. 
Raica, Marquette General Hospital, 420 West 
Magnetic Street, Marquette, MI 49855. 





Positions Available 


NEUROLOGIST — BC/BE, EMG qualified. General 
neurology practice, Southern California. Superb 
financial package. Would consider six months 
locum tenens to determine suitability. Reply with 
curriculum vitae to: Box #833, c/o AON. 


NEUROLOGIST BE/BC - Several outstanding 
opportunities exist for neurologists in Utah through 
Intermountain Health Care, one of the nation's 
largest and most respected health care systems. 
Practice high quality medicine with state-of-the-art 
technology. Utah offers unparalleled opportunities 
for outdoor recreation and cultural activities. From 
the alpine environments in the north to the fantastic 
red rock deserts in the southern part of the state, 
Utah offers incredible scenic diversity as well as a 
comfortable, rewarding lifestyle. Liberal financial 
package. For more information, send CV to: IHC 
Physician Placement Services, P.O. Box 57010, 
Murray, UT 84157-0010. Or call toll-free: (800) 888- 
3134. 


PLEASE NOTE -— Address replies to box number 
ads as follows: Box number ___, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








BUSY GENERAL neurology practice in southeast 
Kentucky for sale. Above average income. Beautiful 
location, one hour drive near major cities. Reply to: 
Box #829, c/o AON. 


Directors Wanted 


HINES VA NEUROLOGY seeks Director of 
Electroneuromyography and Neuromuscular 
Disease Program in academic setting. Resources 
include modern laboratories of molecular neuro- 
science, EMG, EEG, evoked potentials, sleep 
studies, SPECT and kinesiology. Large patient 
population with variety of neuropathic and 
myopathic disorders and spinal cord injury service. 
Research collaborations possible. Candidates 
should be board-certified or -eligible neurologists 
with board-certification or -eligibility in EMG, 
interested in a scholarly career and qualified for 
academic appointment at Loyola University 
Chicago. Send CV to: George Siegel, MD, Chief, 
Neurology Service, VA Medical Center, Hines, IL 
60141. 








Faculty Positions 


CHILD NEUROLOGIST — The Departments of 
Pediatrics and Neurology at the University of 
Louisville School of Medicine are recruiting an 
academic neurologist at the instructor, Assistant 
Professor, or above, level. The position is a full-time 
position with the University. Kosair-Children's Hospi- 
tal is the only pediatric hospital in the State of 
Kentucky and has the potential of an extremely 
active service. In addition to patient care activities, 
the job description would entail educational 
responsibilities for both the pediatric and neurology 
residencies. Experience in neurodiagnostics and/or 
some particular area of expertise in pediatric neu- 
rology would be preferred. Louisville is a wonderful, 
mid-sized city with low cost housing, outstanding 
leadership in the arts, and accessibility to a variety 
of outdoor recreational activities. The University of 
Louisville is an equal opportunity employer. Contact: 
William Olson, MD, Chairman, Department of 
Neurology. (502) 588-7981. 


BOARD-CERTIFIED neurologist wanted to join 
rapidly expanding neurology group in Philadelphia, 
Pennsylvania, offering broad patient base to include 
neuromuscular disease, epilepsy, rehabilitation, and 
occupational neurology. Excellent opportunity for 
academic candidate at associate professor level to 
enter private practice and maintain academic 
affiliation within teaching environment and in com- 
munity hospitals. Large, modern facilities equipped 
for electrodiagnostic testing. Excellent salary and 
benefit package leading to partnership. Send CV to: 
L. Carita, Practice Administrator, 125 South 9th 
Street, Suite 200, Philadelphia, PA 19107. 


FACULTY POSITION/NEUROLOGY - Full-time 
faculty position is available for board-eligible/board- 
certified neurologist with clinical expertise and 
research interest in behavioral neurology, 
Alzheimer's disease and dementia at Jefferson 
Medical College. Academic rank is at the assistant 
professor level. Interested applicants may call or 
direct inquiries to: Patricio F. Reyes, MD, Director, 
Alzheimer's Disease and Dementia Center, Thomas 
Jefferson University, Jefferson Medical College, 400 
Edison Building, 130 South 9th Street, Philadelphia, 
PA 19107. Telephone: (215) 955-6206; (215) 955- 
8033. We are committed to a smoke-free environ- 
ment. Equal opportunity employer. 


THE DEPARTMENT OF NEUROLOGY at George- 
town University is seeking applicants for a faculty 
position in cerebrovascular disease at the 
assistance to associate professor level. Applicants 
must be neurology board-certified/-eligible and have 
completed a recognized fellowship in cerebro- 
vascular diseases. Interested applicants should 
send their curriculum vitae to: Jonathan H. Pincus, 
MD, Professor and Chairman, Department of 
Neurology, Georgetown University School of Medi- 
cine, 3800 Reservoir Road, NW, Washington, DC 
20007-2197. The Georgetown University School of 
Medicine is EEO/AA employer. Women and minori- 
ties are urged to apply. The review of applications 
will begin in January 1992 and will continue until the 
position is filled. 
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Faculty Positions 


pea TNS calacars Ass ha IS eS 
NEUROLOGIST BC/BE: The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. Mcintosh, DO, Associate 
Professor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3500 Camp Bowie 
Boulevard, Fort Worth, TX 76107. TCOM is an 
affirmative action, equal opportunity employer. 


ACADEMIC NEUROLOGIST — The Department of 
Neurology at Francis Scott Key Medical Center, a 
Johns Hopkins Medical Institution, seeks an 
academically-oriented adult BC/BE neurologist with 
expertise in EMG and NCV to run EMG laboratory. 
Interest in neuromuscular assessment and research 
needed. Fellowship in EMG/NCV required with 
BC/BE in EMG (AAEM). The appointment will be 
full-time, at the Assistant Professor level, and will 
include responsibilities in research, clinical teaching 
and patient care. Interested candidates should send 
a CV and three letters of reference to: Peter W. 
Kaplan, MD, Johns Hopkins School of Medicine, 
Francis Scott Key Medical Center, 4940 Eastern 
Avenue, Baltimore, MD 21224. 































Fellowships 














THE ANN ARBOR Veterans Administration Medical 
Center — Affiliated with the University of Michigan 
Medical Center, is seeking applications for a 
geriatric neurology fellowship position for 1992-1 993 
associated with the Geriatric Research, Education 
and Clinical Center. Fellowship will provide oppor- 
tunities for participation in ongoing clinical and/or 
basic science research projects, in addition to 
clinical training. An equal opportunity employer 
which specifically invites women and minorities to 
apply. Contact: David Fink, MD, Neurology (127), 
VAMC, 2215 Fuller, Ann Arbor, MI 48105. (313) 
761-7686. 


EPILEPSY/CLINICAL NEUROPHYSIOLOGY Fellow- 
ship — One- to two-year fellowship available July 
1992 at Long Island Jewish Medical Center. Training 
includes EEG, pediatric EEG, EPs, clinical epilepsy, 
epilepsy surgery, CCTV/cable telemetry. Optional 
sleep laboratory and polysomnographic experience 
also available. Very active epilepsy evaluation/ 
surgery program assesses 80 to 100 patients per 
year. Ample research opportunities. Send CV to: Neil 
Schaul, MD, Chief, Division of Epilepsy and 
Electroencephalography, Department of Neurology, 
Long Island Jewish Medial Center, New Hyde Park, 
NY 11042. LIJ is the Long Island Campus for the 
Albert Einstein College of Medicine. An equal 
opportunity employer. 


GERIATRIC NEUROLOGY FELLOWSHIP. A two- 
year fellowship is available in geriatric neurology, 
beginning July 1, 1992 or 1993. This VA-supported 
fellowship provides multi-disciplinary training in 
geriatric neurology with formal rotation on the 17-bed 
geriatric evaluation and management unit at the 
Portland Veterans Affairs Medical Center. Fellows 
will also participate in the clinical and research 
activities of the Alzheimer's Disease Center of 
Oregon and The Oregon Brain Aging Study at both 
the VA Medical Center and Oregon Health Sciences 
University. Emphasis will be placed on the design 
and implementation of independent research 
protocols. A broad range of research opportunities 
are available and include such topics as quantitative 
image analysis, the neuropharmacology of 
movement disorders, cerebrovasuclar disease in the 
elderly and the neurology, neuropsychology and 
neuropathology of the very old. Applicants must be 
board-eligible or -certified in neurology. To apply, 
send CV and two letters of recommendation to: 
Jeffrey Kaye, MD, Director, Geriatric Neurology, 
Portland VA Medical Center, P.O. Box 1034, 
Portland, OR 97207. Telephone: (503) 494-6976 or 
(503) 273-5172. The Department of Veterans Affairs 
and The Oregon Health Sciences University are 
equal opportunity employers. 























































Neuroscience Center of Excellence 
Louisiana State University Medical Center School of Medicine, 


New Orleans 




















training and service. 





























and names and addresses of three references. 






Send to: 


Nicolas G. Bazan, MD, PhD 
Co-Chair of Search Committee 









Professor of Ophthalmology and Neurology 
LSU Eye Center 

2020 Gravier Street, Suite "B" 

New Orleans, LA 70112 








Fellowships 


Clinical Neuroscientists 
To lead Clinical - Research Efforts in 


a Stroke and Cerebrovascular Diseases 
a Alzheimer's Disease and Other Age Related Dementias 


The Neuroscience Center of Excellence jointly with clinical Departments (eg. Neurology, 
Psychiatry) invite clinical neuroscientists to apply for faculty appointments at a rank commensurate 
with qualifications. The Center is developing a comprehensive effort in the neurosciences bringing 
together clinical neurosciences, clinical research, fundamental research, postgraduate medical 
education, graduate studies (a PhD program in Neuroscience will begin in 1992), postdoctoral 


The search currently is under way for two clinical neuroscientists that will lead a clinical research 
effort in stroke and cerebrovascular diseases and in Alzheimer's Disease and other aging related 
dementias. The appointments can be made anytime. Salaries are highly competitive. Adequate 
space, excellent and expanding infrastructure (eg. core laboratories), and start up funds are 
available. Teaching activities will be limited and will include the new graduate program in the 
neurosciences. We are seeking outstanding candidates. Application should include a curriculum 
vitae, up to ten reprints of the past five years, statement of current and future research (4-5 pages) 


Director, Neuroscience Center of Excellence 






OR Austin J. Sumner, MD 

Co-Chair of Search Committee 
Professor and Head of Neurology 
LSU School of Medicine 

1542 Tulane Avenue 


New Orleans, LA 70112 





Medical Services 





STANFORD STROKE FELLOWSHIP: A fellowship 
in cerebrovascular disease is available at the 
Stanford Stroke Center. Comprehensive clinical 
training in all aspects of diagnosis and management 
of patients with stroke is available. The fellow will 
participate in ongoing research protocals for acute 
stroke treatment as well as stroke diagnosis and 
prevention. Opportunities for basic research are 
also available if desired. Candidates should be 
board-eligible or -certified in neurology. Please send 
inquiries to: Gregory W. Albers, MD, Director, 
Stanford Stroke Center, Department of Neurology 
and Neurological Sciences, Stanford University 
Medical Center, Stanford, CA 94305. Stanford 
University is an affirmative action, equal opportunity 
employer. 





Residencies 


ha eS eS eee ee a 
THE UNIVERSITY OF Cincinnati Neurology 
Department is offering a second year neurology 
residency position (PGYIII) beginning as soon as 
possible. For information contact: Joseph Pi 
Broderick, MD, Residency Director, Department of 
Neurology, University of Cincinnati Medical Center, 
Cincinnati, OH 45267-0525. (513) 558-5431. 


NEUROLOGY RESIDENCY PROGRAM at the Uni- 
versity of North Carolina. PGYII position available 
for entrance into Neurology Residency Program for 
1992. Appointment will be made through the Neu- 
rology Residency Matching Program in 1992. Our 
program offers strong clinical training in general 
adult and child neurology as well as subspecialty 
exposure to epilepsy, sleep disorders, neuromuscu- 
lar diseases and pain. For information contact: John 
A. Messenheimer, MD, School of Medicine, Depart- 
ment of Neurology, University of North Carolina, CB 
#7025, 751 Clinical Sciences Building, Chapel Hill, 
NC 27599-7025. (919) 966-3707. 




















AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 


Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 


Computers/Software 


Pearse cates SA DE A I eg 
AMERICAN MEDICAL SOFTWARE'S Medical 
Office Management, Office Billing, Electronic 
Claims, Bar Coding, and Medical Records Systems 
feature easy installation-operation, advanced capa- 
bilities, and toll free support. For information, call: 
(800) 423-8836. 


REACH 16,931 
NEUROLOGISTS 


If you are searching 
for a qualified specialist... 






























We Target 
The Physician You Want! 


The March issue of the Archives of 
Neurology closes January 25th. 







Call us today 
to reserve your space. 














800-237-9851 + 813-443-7666 


Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 100 mg 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
When, in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
of alternative antiepileptic medication arises, this should be done gradually. However, in the event of an 
allergic or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
case, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 

There have been a number of reports Suggesting a relationship between phenytoin and the develop- 
ment of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
lymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
established, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
from other types of lymph node pathology. Lymph node involvement may occur with or without symp- 
toms and signs resembling serum sickness, eg, fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports Suggests an association between the use of antiepileptic 
drugs by women with epilepsy and a higher incidence of birth defects in children born to these women 
Data are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
commonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data on Crug teratogenicity in humans; genetic factors 
or the epileptic condition itself may be more important than drug therapy in leading to birth defects. 
The great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
that antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
prevent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation 
of the drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
prescribing physician will wish to weigh these considerations in treating or counseling epileptic women 
of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
and heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
ficiency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
barbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs ina high proportion of patients, because 
of altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
particularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
adjustment of dosage. However, postpartum restoration of the Original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
this defect and has been recommended to be given to the mother before delivery and to the neonate 
after birth. 

PRECAUTIONS: General: The liver is the chief site of biotranstormation of phenytoin; patients with 
“impaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
the drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 
appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
and alternative therapy should be considered. (See Adverse Reactions ) If the rash is of a milder type 
(measles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
If the rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in Patients who have experienced phenytoin 
hypersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported 
Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
(petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred 
to as “delirium, “psychosis, or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, 
at the first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
is indicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
Warnings.) 

\af@mation for Patients: Patients taking phenytoin should be advised of the importance of adhering 
Strictly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 
which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 
the physician's advice. 

Patients should be instructed to call their physician if skin rash develops 

The importance of good dental hygiene should be stressed in order to minimize the development 
of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, Hp-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
containing calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
a estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamy! 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic 
epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
Macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia. pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 
as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and Circulatory systems should be Carefully observed and appropriate 
Supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 


in mind. 
Caution — Federal law prohibits dispensing without prescription 0362G280 
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Peers 
Thousands of 24 


neurologists go by 
the same name. 0 


Neurologists write “Dilantin” more often than any other name in anti- 
convulsant therapy'—and for good reasons: f 


= Unsurpassed control of generalized and partial seizures’* 
m Convenient once-daily dosing for many patients* 
m Significantly lower cost than carbamazepine or valproic acid’ 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


*For adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
t Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91." 


Please see next page for a brief summary of full prescribing information. 


aK N © « a 
Dilantin Kapseals - 
(extended phenytoin sodium capsules, USP) 100 mg §) 1 
For control, compliance, and cost 
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SINEMET 25-100 
SINEMET CR 50-200 


Less fluctuation of 
plasma levodopa levels 
with SINEMET CR vs 
SINEMET” (catbidopa-Levodopa)' 


In a clinical trial, 14 patients 
with mild to moderate 
Parkinson’s disease had 










one dose of SINEMET CR, 
and were compared with 
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Smoother plasma levodopa levels 


The causes of motor fluctuations are not completely 
understood; in some patients they may be 
attenuated by treatment regimens that produce 
steady plasma levels, of levodopa. 


1PM 


levels over the same 
period after two doses of 
SINEMET 25-100. 








2PM 3PM 





Reduced dosing frequency? 


In a separate multicenter, double-blind trial of 
202 patients with advanced Parkinson’s disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





* Patients should be advised that sometimes the onset of effect of the first morn- 
ing dose of SINEMET CR may be delayed for up to 1 hour compared with the 


response usually obtained from the first morning dose of SINEMET. The physi- 
cian should be notified if such delayed responses pose a problem in treatment. 


Before prescribing SINEMET CR, please see a Brief Summary of Prescrib- 
ing Information on the following pages. 


® SINEMET is a registered trademark of Merck & Co., Inc., Rahway, NJ, USA 
©1991 DuPont Pharmaceuticals Printed in USA CR-31092 8/91 


SINEMET CR is indicated in the treatment of the symptoms of idiopathic 
Parkinson's disease (paralysis agitans), postencephalitic parkinsonism, 
and symptomatic parkinsonism which may follow injury to the nervous 
system by carbon monoxide intoxication and manganese intoxication. 

1. Goetz CG, Tanner CM, Shannon KM, et al: Controlled-release carbidopa/levodopa 
(CR4-Sinemet) in Parkinson's disease patients with and without motor fluctuations. 
Neurology. 1988;38:1143-1146. 

2. Hutton JT, Morris JL, Bush DF, et al: Multicenter controlled study of Sinemet CR vs 
Sinemet (25/100) in advanced Parkinson's disease. Neurology. 1989;39 (suppl 2): 
67-72. 
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More 


a Significantly greater benefits as rated by patients 
previously treated with SINEMET® (Carbidopa-Levodopa)*? 


a Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
global ratings of improvement as assessed by both 
patient and physician were better during therapy 
with SINEMET CR than with SINEMET. 


_ tlnclinical trials of patients with moderate to severe motor fluctuations, global 


ratings of improvement as assessed by both patient and physician were better 
during therapy with SINEMET CR than with SINEMET. 

+Ratings based on patients’ subjective assessment of global improvement 
in clinical fluctuations. 

** Physician ratings based on significantly greater overall improvement in 
patient’s clinical condition after eight weeks on SINEMET CR (compared to 
status at beginning of double-blind phase of same trials). 


When patients are receiving levodopa without a decarboxylase inhibitor, 
levodopa must be discontinued at least eight hours before SINEMET CR 
is started. It is necessary to individualize therapy. SINEMET CR should 
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EE For many patients A 


a Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuations 
as rated by physicians** 2 


a in controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while on 
SINEMET were randomized to therapy with either 
SINEMET or SINEMET CR: Adverse experience 
profile of SINEMET CR did not differ substantially 
from that of SINEMET. f rg NS 
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be substituted at a dosage that will provide approximately’ 25% of the 
previous levodopa di . Nonselective MAO inhibitors are contraindi- 
cated for use with SINEMET CR. These inhibitors must be discontinued 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer's recommended dose of an MAO inhibitor with selectivity for 
MAO type B, (e.g., selegiline HCl). SINEMET CR is contraindicated in 
patients with known hypersensitivity to any component of this drug and 
in patients with narrow-angle glaucoma. Because levodopa may activate 
a malignant melanoma, SINEMET CR should not be used in patients 
with suspicious, undiagnosed skin lesions or a history of melanoma. 
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SUSTAINED-RELEASE TABLETS 


CONTRAINDICATIONS 

Nonselective MAO inhibitors are contraindicated for use with 
SINEMET CR. These inhibitors must be discontinued at least two weeks 
prior to initiating therapy with SINEMET CR. SINEMET CR may be 
administered concomitantly with the manufacturer's recommended dose 
ofan MAO inhibitor with selectivity for MAO type B (e.g., selegiline HCI). 

SINEMET CR is contraindicated in patients with known hypersensitv- 
ity to any component of this drug and in patients with narrow-angle 
glaucoma. 

Because levodopa may activate a malignant melanoma, SINEMET CR 
Should not be used in patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. 

WARNINGS 

When patients are receiving levodopa without a decarboxylase inhibitor, 

levodopa must be discontinued at least eight hours before SINEMET CR 

isstarted. In order to reduce adverse reactions, itisnecessary toindividu- 

rts a pala a A apta : 
i percent of the previous levodopa dosage (see 

AND ADMINISTRATION) 


does nol decrease adverse reactions due to central effects of 
levodopa. By permitting more levodopa to reach the brain, particularlywhen 
nausea and vomiting is nota dose-limiting factor certain adverse CNS effects, 
eg, — will occur at lower dosages and sooner during therapy 
with SINEMET CR (Carbidopa-Levodopa, Sustained: Release) than with 
levodopa alone. 

Aswith levodopa, SINEMET CR may cause involuntary movements and 
mental disturbances. These reactions are thought to be due to increased 
braindopamine following administration of levodopa. All patients should 
be observed carefully for the development of depression with concomi- 
tant suicidal tendencies. Patients with past or current psychoses should 
Defeat wih caon. The occurence df dyskinesias may regure dosage 
reduction. 

Patients SINEMET CR may develop increased dyskinesia com- 
pared to SINEME (Carbidopa-Levodopa). 

SINEMET CR should be administered cautiously to patients with severe 
Cardiovascular or pulmonary disease, bronchial asthma, renal, hepatic 
or endocrine disease. 

As with levodopa, care should be exercised in administering 
SINEMET CRto patients with a history of myocardial infarction who have 
residual atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 
function should be monitored with particular care during the period of intial 
dosage adjustment, ina facility with provisions for intensive cardiac care. 

Aswith levodopa, treatment with SINEMET CR may increase the pos- 
sibility of upper gastrointestinal hemorrhage in patients with a history of 

ulcer. 


Symptom complex resembling the neuroleptic malignant syndrome 
including muscular rigidity, elevated body temperature, mental ci 
and increased serum creatine phosphokinase has been reported 
i agents were withdrawn. Therefore, patients should 
or discontinued, especially if the patient is receiving neurol 
PRECAUTIONS i 


General Aswith levodopa, periodic evaluations of hepatic, hematopoietic, 
Cardiovascular, and renal function are recommended during extended 


therapy. 
ients with chronic wide angle glaucoma may be treated cautiously 
SINEMET CR provided theirtraocular pressure vel controled any 
the patient is monitored carefully for changes in intraocular, pressure during 


therapy. 

Information for Patients The patient should be informed that 
SINEMET CR is a sustained-release formulation of carbidopa-levodopa 
which releases these ingredients over a 4 to 6 hour period. itis important 
that SINEMET CR be taken at regular intervals according to the schedule 
Outlined by the physician. The patient should be cautioned not to change 
the prescribed dosage regimen and not to add any additional antiparkin- 
son medications, other carbidope-Jevodopa preparations, without 
first consulting the physician. 


Guidelines for Initial Conversion from SINEMET” to SINEMET CR 


(Carbidopa-Levodopa) 


= Dosage with SINEMET CR 
should be substituted 
at an amount that provides 
approximately 10% more 
levodopa per cay. 
This may be increased to 
adosage that provides up 
to 30% more levodopa 
per day depending on 
Clinical response. (See 
DOSAGE AND ADMINISTRATION, 
Titration. )* 


Interval between doses of 
SINEMET CR should 

be 4-8 hours during the 
waking day. 


Doses and dosing inter- 
vals may be increased 
or decreased depending 
upon therapeutic 
response. 


lf abnormal involuntary movements appear or get worse during treat- 
ment with SINEMET CR, the physician should be notified, as dosage 
adjustment may be necessary. 

Pans should be advised hal sometimes he onset oefet otheist 
morning dose of SINEMET CR may be delayed for upto 1 hour compared 
with the response usually obtained from the first moring dose of 
(Carbidopa-Levodopa). The physician should be notified if such delayed 

pose a problem in treatment 

Patients must be advised that the whale or half tablet should be swal- 
lowed without chewing or crushing, 

NOTE: The suggested advice to patients being treated with SINEMET CR 
isintended to aid in the safe and effectiveuse of this medication. It is not 
a disclosure of all possible adverse or intended effects. 

Laboratory Tests Abnormalities in laberatory tests py eleva- 
tions of liver function tests such as alkaline phosphatase, SGOT (AST), SGPT 
(ALI), lactic dehydrogenase, and bilirubin. Abnormalities in blood urea 
nitrogen and positive Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine: and uric acid are lower during 
administration of carbidopa-levodopa preparations than with levodopa 

Carbidopa-levodopa preparations may causea false-positive reaction 
for urinary ketone bodies when a test tae is used for determination of 
ketonuria, This reaction will not be altered by boiling the urine specimen. 
False-negative tests may result with the use of glucose- oxidase methods 
of testing for glucosuria. 

Drug Interactions Caution should be exercised when the following drugs 
are administered concomitantly with SINEMET CR (Carbidopa-Levodopa, 
Sustained: Release) 

Symptomatic postural hypotension has occurred when carbidopa- 
levodopa preparations were added to the treatment of patients receivil 
some anti drugs Therefore, when therapy with SINEMET Ci 
is started, dosage adjustment of the antihypertensive drug may be required. 
For patients receiving monoamine oxcase inhibitors, see CONTRA- 
INDICATIONS. 

There have been rare reports of adverse reactions, including hyperten- 
a dyskinesia, mo parc! the concomitant use of tricyclic 
antidepressants and carbidopa-levodoga preparations. 

Phenothiazines and reduce the effects 


n Tray reduce the therapeutic 
of aono. nanio, the iy meee elects tanina in Parkinson's 
disease reported to be reversed by pi in and papaverine. 
Patients taking these drugs with SINEMET CR shouid be carefuily observed 
for loss of therapeutic response. 

Carcinogenesis, M 


to 8 SINEMET CR tablets). 

In reproduction studies with Levodopa), no effects 
on fertility were found in rats receiving deses of approximately two times 
the maximum daily human dose of carbidopa and four times the maxi- 
mum on human dose of levodopa (equivalent to 8 SINEMET CR 
tablets) 


Pregnancy Pregnancy Category C. No teratogenic effects were observed 
ina study in mice receiving up to 20 times the maximum recommended 
human dose of SINEMET (Carbidopa-Levodopa). There was a decrease 
inthe number of live pups delivered by sats receiving approximately two 
timesthe maximum recommended human dose of carbidopa and approx- 
imately five times the maximum recommended human dose of levodopa 
during organogenesis. SINEMET (Caridopa-Levodopa) caused both 
visceral and Pesaran in cred hae lag ratios of 
Carbidopa/levodopa , which ranged ti times the max- 
imum recommended human dose of carbidopa/levodopato 20 times/10 
times the maximum recommended human dose of carbidopa/levodopa. 
There are no adequate or well-controlled studies in pregnant women 
Use of SINEMET CR in women of childbearing potential requires that the 
anticipated benefits of the drug be weighed against possible hazards to 
mother and child. 
Nursing Mothers itis not known wheter this drug is excreted in human 
milk. Because many drugs are excreted in human milk, caution should 
be exercised when SINEMET CR is administered to a nursing mother 
Pediatric Use Safety and effectiveness in infants and children have not 









1¥a tab bi.d. or 1 tab t.i.d. 






A total of 4 tabs in 3 or more divided doses 
(€.g., 1¥2 tab a.m., 1¥ tab early p.m., and 1 tab later p.m.) 


A total of 5 tabs in 3 or more divided doses 
(e.g., 2 tabs a.m., 2 tabs early p.m., and 1 tablater p.m.) 





The above is only provided as an example of conversion. Dosage must be individu- 


alized and will vary from 

SINEMET CR to provide 

“The bioavailability of levodopa from SI 
approximately 70%-75%. 


Patient to patient. This example chart reflects dosing of 
an increase of i eed 10% more puete 


MET CR relative to SINEMET is 


+For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, 
Initial Dosage—Patients currently treated with conventional carbidopa-levodopa 
preparations of enclosed Brief Summary of Prescribing Information. 


been established, and use cf the drug in patients below the age of 18 is 
Not recommended. 

ADVERSE REACTIONS 

In controlled clinical trials, patients predominantly with moderate to severe 


Sa tay he SUA ae ay 
jomized to el arbidopa- or 
a SNEME CR 


SINEMET CR. E maen rai rofile of 
did not differ substantially from that of SINEMET (Carbidopa-Levodopa), 
as shown in Table 1 
Bb 1 Clinical Adverse Experiences Occurring in 1% or Greater of 
tients 
SINEMET CR SINEMET 
(Carbidopa-Levodopa) 
n=491 n=524 

Adverse Experience % % 
Dyskinesia 165 122 
Nausea 55 57 
Hallucinations 39 32 
Contusion 37 23 
Dizziness 29 23 

ion 22 13 
Urinary Tract infection 22 23 
Headache 20 19 
Dream Abnormalities 18 08 
Dystonia 18 08 
Vomiting 18 19 
‘On-Off’ Phenomena 16 11 
Back Pain 16 06 
Dry Mouth 14 11 
Anorexia 12 11 
Diarrhea 12 06 
Insomnia 12 10 
Orthostatic Hypotension 1.0 11 
Shoulder Pain 1.0 06 
Chest Pain 10 08 
Muscle Cramps 08 1.0 
Paresthesia 08 11 
Urinary Frequency 08 14 
Dyspepsia 06 14 
Constipation 02 15 
Abnormal laboratory findings occurring at a frequency of 1% or 
in carpe a Patients who received SINEMET CR and 475 who 
received SINEMET (Carbidope-Levodopa) during controlled clinical trials 
included: decreased and hematocrit; elevated serum glucose; 
white blood cells, bacteria and blood in the urine. 
Theadverse observedin patients in uncontrolled studies were 


similar to those seen in controlled clinical studies. 

Otter arherse eperencs reported oeral in cirica isn AB pets 

treated with SINEMET CR, listed by body system in order of decreasing 
j include: 

Nervous System/Psychiatrc: Chorea, somnolence, anxiety disorder, 

disorientation, decreased mental acuity, gait abnormalities, extrapyram- 

idal disorder, agitation, nervousness, sleep disorders, memory impairment. 

Body as a Whole: Asthenia, fatigue, abdominal pain, orthostatic effects. 

Digestive: Gastrointestinal pain, dysphagia, heartburn. 

infarction 


Special Senses: Blurred vision. 
Metabolic: Weight loss. 
Skin: Rash. 


Respiratory: Cough, pharyngeal pain, common cold. 

Urogenital: Urinary incontinence. 

Musculoskeletal Leg pain 

Laboratory Tests-Decreased white blood cell count and serum potassium; 
increased BUN, serum creatinine and serum LDH; protein and glucose 
in the urine. 

Other adverse experiences have been reported with various carbidopa- 
levodopa formulations and may occur with SINEMET CR: 


Nervous System, Mental changes including paranoid ideation, 
Psychotic episodes, depression with suicidal tendencies and dementia: 
Convulsions (however, a causal relationship has not been established); 


bradykinetic episodes. 

Gastroiniestinal: Gastrointestinal bleeding, development of duodenal ulcer 
Cardiovascular: Cardiac irregularities, phlebitis. 

Hematologic: Hemolytic and nonhemolytic anemia, thrombocytopenia, 


leukopenia, agranulocytosis. 
Laboratory Tests: Abnormalities in alkaline phosphatase, SGOT (AST), SGPT 
(AU), lactic dehydrogenase, bilirubin, protein -boundiodine, Coombstest 
Other adverse reactions that have been reported with levodopa are: 
Nervous System: Numbness, increased hand tremor, muscle twitching, 
blepharospasm (which may be taken as an early Sign of excess dosage, 
Consideration of dosage reduction may be made at this time), rismus, acti- 
vation of latent Horner's syndrome, 

Psychiatric: Delusions, euphoria. 

Gastrointestinal: Biter taste, sialorrhea, bruxism, hiccups, ltulence, buming 
sensation of tongue. 

Metabolic: Weight gain, edema. 


lation, bizarre breathing patterns, neuroleptic malignant syndrome. 
OVERDOSAGE 


Management of acute overdosage with SINEMET CRis the same as with 
levodopa. Pyridoxine isnot effective in reversing the actions of SINEMET CR. 

General supportive measures should be employed, along with immediate 
gastric lavage. Intravenous fluids should be administered judiciously and 
an adequate airway maintained. Electrocardiographic monitoring should 
be instituted and the patient carefully observed for the development of 
arrhythmias; if required, appropriate antiarrhythmic therapy should be given, 
The possibility that the patient may have taken other drugs as well as 
SINEMET CR should be taken into consideration. To date, no experience 
has been reported with dialysis; hence, its value in iSnotknown. 

Based on studies in which high doses of levodopa and/or carbidopa 
were administered, a significant proportion of rats and mice given single 
Oral doses of levodopa of approximately 1500-2000 mg/kg are expected 
todie. A significant proportion of infant rats of both sexes are expected to 
die at a dose of 800 mg/kg. A significant proportion of rats are expected 
todieafter treatment with similar doses of carbidopa. The addition of car- 
bidopa in a 1:10 ratio with levodopa increases the dose at which a signifi- 


Cant proportion of mice are to die to 3360 mg/kg. 
DOSAGE AND ADMINISTRATION 


SINEMET CR tablets contain carbidopa (50 mg) and levodopa (200 mg) 
ina 1:4 ratio. The daily dosage of SINEMET CR must be determined by 
Careful titration. Patients should be monitored closely during the dose adjust- 
ment period, particularly with regard to appearance or worsening of involun- 
tary movements, or nausea. SINEMET CR may be administered 
as whole or as half-tablets which should not be chewed or crushed. 
HOW SUPPLIED 
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INDERAL® LA (propranolol HCI) Long Acting Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION: 
CONSULT THE PACKAGE LITERATURE FOR FULL PRESCRIBING INFORMATION. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus bradycardia and greater than first- 
degree block; 3) bronchial asthma; 4) congestive heart failure (see WARNINGS), unless the failure is secondary to a 
ah ja treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: pees stimulation iba be a vital component supporting circulatory function in 
ients with congestive heart failure, and its inhibition by beta-blockade may precipitate more severe failure. Although beta 


s should be avoided in overt congestive heart failure, if necessary, they can be used with close follow-up in patients with 
a history of failure who are well compensated and are receiving digitalis and diuretics. Beta-adrenergic blocking agents do not 
abolish the inotropic action of digitalis on heart muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers can, in some cases, lead to cardiac 
failure. Therefore, at the first sign or symptom of heart failure, the patient should be digitalized and/or treated with diuretics, and 
the response observed closely, or INDERAL should be discontinued (gradually, if possible), 





therapy without 3 
usually is advisable to reinstitute INDERAL weg take other measures appropriate for the management of unstable 
angina pectoris. Since coronary artery disease may De unrecognized, it may be prudent to follow the above advice in patients 
considered at risk of having occult atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Eye er chronic bronchitis, ompiysama) — PATIENTS WITH BRONCHOSPASTIC DISEASES 
SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. INDERAL should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior to major surgery is controversial. It 
- should be noted that the impaired ability of the heart to respond to reflex adrenergic stimuli may augment the risks of general 
anesthesia and surgical procedures. 

4. INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects can be reversed by 
administration of such agents, eg, dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Use beta blockers with caution in diabetic patients if a beta-blocking agent is required. Beta 

blockers may mask dia occurring with lycemia; other manifestations such as dizziness and sweating may not be 

a Following insulin-induced lycemia, propranolol may cause a delay in the recovery of blood glucose 

to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical 7 of hyperthyroidism, thus abrupt withdrawal of propranolol 

may be followed by an exacerbation of symptoms of nyperthyroidism, including thyroid storm. Propranolol may change thyroid- 

function tests, increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been reported in which, after propranolol, 

bese be et by severe bradycardia requiring a demand pacemaker. In one case this resulted after an initial dose of 
mg propranolol. 

PRECAUTIONS. GENERAL: Use with caution in patients with impaired hepatic or renal function. INDERAL is not indicated for 

the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be told that INDERAL may interfere 

with the glaucoma screening test. Withdrawal may lead to a return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart disease, elevated serum transaminase, 

alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receivini catecholamine-depleting drugs such as reserpine should be closely observed if 

INDERAL is administered. The added cdecholamine-bocking action may produce an excessive reduction of resting sympathetic 

Nervous activity resulting in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a fhe iret gee drug, 

especially intravenous verapamil, as both agents = es myocardial contractility or atrioventricular conduction. On rare 

occasions, the concomitant intravenous use of a beta and verapamil has resulted in serous adverse reactions, especially 

in patients with severe cardiomyopathy, congestive heart failure or recent myocardial infarction 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 

Thyroxine may result in a lower than expected T concentration when used concomitantly with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: There was no evidence of significant drug-induced toxicity in 

rats or deal gn doses up to 150 mg/kg/day over an 18-month period. There were no drug-related tumorigenic effects at 

any dosage impairment of fertility attributable to the drug was seen in animal reproductive studies. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal studies at doses about 10 times 

ion, than the maximum recommended human dose. There are no adequate and well-controlled studies in pregnant women. 
se during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

ji NURSING MOTHERS: INDERAL is excreted in human milk. Exercise caution when INDERAL is administered to a nursing 

woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely required the withdrawal of therapy. 
Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; paresthesia of hands; 

lopenic purpura; arterial insufficiency, usually of the Raynaud type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; hallucinations; vivid dreams; an acute reversible syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
—— performance on neuropsychometrics. For immediate formulations, fatigue, lethargy, and vivid dreams appear dose 
related. 


Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, constipation, mesenteric arterial 
thrombosis, ischemic colitis. 
Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 
Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been reported 
Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, and Peyronie's disease have been 
reported rarely. The oculomucocutaneous reactions associated with practolol have not been reported with propranolol. 
DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a sustained-release capsule for 
administration once daily. If patients are switched from INDERAL Tablets to INDERAL LA Capsules, care should be taken to 
assure that the desired therapeutic effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may be necessary, especially to 
maintain effectiveness at the end of the 24-hour dosing interval. 
For management of hypertension, angina pectoris, migraine, and hypertrophic subaortic stenosis the dosage must be 
individualized. Usual initial dose is 80 mg once daily. 
if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see WARNINGS). 
POARC DOSAGE — Atthis time the data on the use of the drug in this age group are too limited to permit adequate directions 
use. 
OVERDOSAGE. INDERAL is not significantly dialyzable. If ingestion is, or may have been, recent, evacuate gastric contents, 
taking care to prevent pulmonary aspiration. 
BRADYCARDIA: Administer atropine (0.25 to 1.0 mı ny no response to vagal blockade, administer isoproterenol cautiously. 


CARDIAC FAILURE: digitalization and diuretics. HYPOTENSION: vasopressors, eg, levarterenol or epinephrine (there is evidence 
that epinephrine is the drug of choice). BRONCHOSPASM: administer isoproterenol and aminophylline. 
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“Violent Passages’ is a time-lapse 
portrayal by Louise Woodard depicting 
her own migraine headache sequence as 


a a 
she sees it. Her work focuses on the pain 
surrounding her eye and the confusion 
she feels as a result of the migraine 
f Ss 


Migraine. It’s agonizing, debilitating, unpredictable. And abortive 
therapies often provide inadequate relief or cause troublesome 
side effects for your patients. 


Only INDERAL® LA provides once-daily preventive therapy— 

to significantly reduce both frequency and severity of common 
migraine. Start with 80 mg/day and titrate to an effective dose 
— usually 160 to 240 mg once daily. 


For patients whose day-to-day lives are undermined by anticipa- 
tion of migraine, INDERAL LA can offer an improved sense of 
control. Because the only thing worse than the pain of migraine 
is the threat of it. 
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Please see next page for brief summary of prescribing information. 


INDERAL LA should not be used in the presence of congestive heart failure, sinus bradycardia, 
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Introducing the First 
Prescription Antiplatelet Agent 
that Significantly Reduces 

the Risk of Stroke 
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For patients intolerant to aspirin therapy 
where indicated to prevent stroke’ 


Proven to significantly reduce the risk 
of initial stroke in TIA patients 


Proven to significantly reduce the risk 
of recurrent stroke 


Proven effective in women 
as well as men’: 


“Because TICLID is associated with a risk of neutropenia/agranulocytosis, 
which may be life threatening (see Warnings), TICLID should be reserved for 
patients who are intolerant to aspirin therapy where indicated to prevent stroke. 


For further information, including the CBC Monitoring Program for TICLID, 
please call 1-800-TICLID-1. % 


Please see brief summary of prescribing information on last page 








Significant Results in 
Reducing Stroke Risk Proven 
in Two Landmark Studies“ 


48% reduction vs aspirin ‘in risk of initial stroke 
in TIA patients at year 1, (P=.0004, n= 3034), 
the year of greatest risk’ 


— 24% reduction in risk‘ of initial stroke vs aspirin 
at year 5 (P = O11) 


— 27% estimate of constant reduction in risk of fatal or nonfatal stroke 
(P = 011) for duration of trial (5.8 years)? 


33% reduction in risk ‘of recurrent stroke 
(fatal or nonfatal) at year 1, (P=.008, n=1053), 
the year of greatest risk 


— 24% reduction in risk‘ of recurrent stroke at year 3 (P = 017) 


— 34% estimate of constant reduction in risk of fatal or nonfatal stroke 
(P = 017) for duration of trial? 


‘Because TICLID is associated with a risk of neutropenia/agranulocytosis, 
which may be life threatening (see Warnings), TICLID should be reserved for 
patients who are intolerant to aspirin therapy where indicated to prevent stroke. 


“Analysis based on all study participants, which included patients with transient ischemic attack, transient monocular 
blindness, reversible ischemic neurological deficit, and minor stroke 

1. Hass WK, Easton JD, Adams HP Jeet al. A randomized trial comparing ticlopidine hydrochloride with aspirin for the 
prevention of stroke in high-risk patients. N Eng! J Med. 1989:321(8):501-507 

2. Gent M, Easton JD. Hachinski VC et al. The Canadian American Ticlopidine Study (CATS) in thromboembolic stroke 
Lancet. 1989:1:12'5-1220. 

3. Biller J. Love BB, Gordon DL. Antithrombotic therapy for ischemic cerebrovascular disease. Semin Neurol. 1991:11:353-367 
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Side Effects: Neutropenia 


— Because TICLID is associated with a risk of neutropenia/ 
agranulocytosis, which may be life threatening (see Warnings), 
TICLID should be reserved for patients who are intolerant to 
aspirin therapy where indicated to prevent stroke 


— Neutropenia* occurred in a total of 2.4% of patients (0.8% severe’) 


— The onset of severe neutropenia occurred 3 weeks to 3 months 
after the start of therapy, and was not typically associated with 
Clinical signs or symptoms 


— After the first 90 days, incidence of neutropenia was comparable 
to control, and was mild to moderate in nature 


— CBC monitoring (including differentials) for neutropenia is 
therefore essential every 2 weeks for the first 3 months of therapy’ 


— In clinical trials, all cases resolved 1 to 3 weeks after discontinuing therapy’ 
— Overall incidence of discontinuation for neutropenia: 13% 


Other Side Effects 


— Most frequent were diarrhea (12.5%), nausea (70%), 
dyspepsia (70%), and rash (51%) 


— Most occurred early in therapy, although new onset of side 
effects can occur after several months 


— Side effects are usually mild. In clinical trials, 21% of patients 
discontinued therapy due to an adverse event 


— There was an 8%-10% average increase of serum cholesterol 
after 1 to 4 months of therapy with TICLID. Lipid subfraction 
ratios, however, remained unchanged. 


*Defined as < 1200 neutrophils/mm? seen in 50 of 2048 patients. *Defined as <450 neutrophils/mm: seen in 17 of 2048 patients 
t More frequent monitoring is necessary for patients whose ANC have been consistently declining or are 30% less than the baseline count 
After the first 3 months, CBCs need only be repeated for signs or symptoms suggestive of neutropenia. See Warnings section in full 
prescribing information. SWith neutrophil levels returning to > 1200/mm* 


Please see brief summary of prescribing information on last page 
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rther information, including the CBC Monitoring Program for TICLID, please call 1-800 TICLID-1. 








TICLID*(ticlopidine hydrochloride) 250 mg Tablets 


INDICATIONS AND USAGE TICLID is indicated to reduce the risk of thrombotic stroke (fatal or nonfatal) in patients who 
have experienced stroke precursors, and in patients who have had a completed thrombotic stroke Because TICLID is nflammatory drugs without evidence of clinically s gnificant adverse 
associated with a risk of neutropenia/agranulocytosis, which may be life-threatening (See Warnings) TICLID shoulc be int racli = b “ss Gers \ Food Interaction: Tr at | bioavailability of 
reserved for patients who are intolerant to aspinn therapy where indicated to prevent stroke CONTRAINDICATIONS The bi ain oS =i decors oA when ine ara = ne a aie aah Y A 
use of TICLID® is contraindicated in the following conditions: Hypersensitivity to the drug Presence of hematopoietic 7 fd TICHID with fe SS reo ia te d i Kaea apana E th 
disorders such as neutropenia and thrombocytopenia. Presence of a hemostatic disorder or active pathological bleeding Tú #3 conifollsd trials, TiCLID was taken with Seals "Carcinogenesis, 


Other Concomitant Therapy: Although specific interaction studies were not T “al 
performed, in clinical studies, TICLID was used concomitantly with beta 
blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 











































































































































































(such as bleeding peptic ulcer or intracranial bleeding). Patients with severe liver impairment 0 wy Mutagenesis, Impairment of Fertility In a two-year oral carcinogenicity study 
WARNINGS 45 PA in rats, ticlopidine at daily doses of up to 100 mg/kg (610 mg m°) was not 
Neutropenia ° ‘J tok a tumorigenic. For a 70 kg person (1.73m* body surface area) the dose 
Neutropenia defined in these studies as an ANC <1200 neutrophils/mm’ occurred in 50 of 2,048 (2.4%) stroke Sy 4 peab- represents 14 times the recommended clinical dose on a mg/kg basis and 2 
patients who received TICLID in clinical trials. Severe Neutropenia (<450 neutrophils/mm’): Severe yth times the clinical dose on body surface area basis. In a 78 week oral 
neutropenia and/or agranulocytosis occurred in 17 of the 2,048 (0.8%) patients who received TICLID. When carcinogenicity study in mice ticlopidine at daily doses up to 275 mg/kg (1180 
the drug was discontinued in these patients, the neutrophil counts returned to normal (>1200 mg/m?) was not tumorigenic. The dose represents 40 times the recommended 
neutrophils/mm:) within 1-3 weeks. Mild to Moderate Neutropenia (451-1200 neutrophils/mnr): Mild to clinical dose on a mg/kg basis and 4 times the clinical dose on body surface 
moderate neutropenia occurred in 33 of the 2,048 (1.6%) patients who received TICLID. Eleven of the patients area basis. Ticlopidine was not mutagenic in in vitro Ames test, rat hepatocyte 
discontinued treatment and recovered within a few days. In the remaining 22 patients, the neutropenia wes _| ONA-repair assay, and Chinese hamster fibroblast chromosomal aberration 
transient and did not require discontinuation of therapy. The onset of severe neutropenia occurred 3 weeks test and in vivo mouse spermatozoid morphology test. Chinese hamster 
to 3 months after the start of therapy with TICLID, with no documented cases of severe neutropenia beyord micronucleus test and Chinese hamster bone marrow cell sister chromatid exchange test. Ticlopidine was found to have no 
that time in the large controlled trials. The bone marrow typically showed a reduction in myeloid precursors. effect on fertility of male and female rats at oral doses up to 400 mg/kg/day. Pregnancy: Teratogenic Effects Pregnancy 
It is therefore essential that CBCs and white cell differentials be performed every two weeks starting from Category B. Teratology studies have been conducted in mice (doses up to 200 mg/kg/day), rats (doses up to 
the second week to the end of the third month of therapy with TICLID, but more frequent monitoring $ 400 mg/kg/day) and rabbits (doses up to 200 mg/kg/day). Doses of 400 mg/kg in rats 200 mg/kg/day in mice, and 100 
necessary for patients whose absolute neutrophil counts have been consistently declining or are 30% less mg/kg in rabbits produced maternal toxicity as well as fetal toxicity, but there was no evidence of a teratogenic potential of 
than the baseline count. Neutropenia (an absolute neutrophil count (ANC) of less than 1200 Neutrophils/mmr) ticlopidine. There are, however. no adequate and well-controlled studies in pregnant women Because animal reproduction m 
is calculated as follows: ANC = WBC x % neutrophils. If clinical evaluation and repeat laboratory testing studies are not always predictve of a human response, this drug should be used during pregnancy only if clearly needed 
confirm the presence of neutropenia (<1200/mm*), the drug should be discontinued. In clinical trials, when Nursing Mothers Studies in rats have shown ticlopidine is excreted in the milk It is not known whether this drug IS 
therapy was discontinued immediately upon detection of neutropenia, the neutrophil counts returned to excreted in human milk, Because many drugs are excreted in human milk and because of the potential for serious adverse 
normal within 1-3 weeks. After the first three months of therapy, CBCs need be obtained only for patients reactions in nursing infants from ticlopidine, a decision should be made whether to discontinue nursing or to discontinue the 
with signs or symptoms suggestive of infection. drug. taking into account the importance of the drug to the mother. Pediatric Use Safety and efficacy in patients under the 
age of 18 have not been established. Geriatric Use Clearance of ticlopidine is somewhat lower in elderly patients and 
Thrombocytopenia Rarely, thrombocytopenia may occur in isolation or together with neutropenia, If clinical trough levels are increased. The major clinical trials with TICLID were conducted in an elderly population with an average 
evaluation and repeat laboratory testing confirm the presence of thrombocytopenia (<80,000 cells/mm), the drug age of 64 years. Of the total number of patients in the therapeutic trials, 45% of patients were over 65 years old and 12% 
should be discontinued. Cholesterol Elevation TICLID® therapy s increased serum cholesterol and triglycerides. were over 75 years old. No overall differences in effectiveness or safely were observed between these patients anc 
Serum total cholesterol levels are increased 8-10°% within one month of t and persist at that level. The ratios of the younger patients, and other reported clinical experience has not identified differences in responses between the elderly and 
lipoprotein subfractions are unchanged. Other Hematological Effects Rare cases of pancytope younger patients, but greater sensitivity of some older individuals cannot be ruled out. ADVERSE REACTIONS Adverse 
thrombocytopenic purpura, some of which have been fatal. have been ed in Post-Marketing Surveillance reactions were relatively frequent, with over 50% of patients reporting al least one. Most (30 to 40%) involved the 
Anticoagulant Drugs The tolerance and safety of coadministration of TICLID ticoagularts, or gastrointestinal tract. Most adverse effects are mild, but 21% of patients discontinued therapy because of an adverse event. 
fibrindlvtic agents has not been established. If a patient is switched from an anticoagulant or fibrinolytic drug to TICLID, the principally diarrhea, rash, nausea, vomiting, G.I. pain, and neutropenia. Most adverse effects occur early in the course of 
former drug should be discontinued prior to TICLID administration PRECAUTIONS General TICLID should be used with treatment, but a new onset of adverse effects can occur after several months The incidence rates of adverse events listed in 
caution in patients who may be at risk of increased bleeding from trauma + desired the following table were derived trom multicenter controlled clinical trials described above comparing TICLID, placebo, and 
to eliminate the antiplatelet effects of TICLID pnor to e surgery. the days prior to aspirin over study periods of up to 5.8 years Adverse events considered by the investigator to be probably drug-related 
surgery. Several controlled clinical studies ha s patients unde: Q that occurred in at least one percent of patients treated with TICLID are shown in the following table 
treatment with ticlopidine. In TASS and CATS it iclopidine discontinus Percent of Patients with Adverse Events in Controlled Studies 
elective surgery. Several hundred patients underwent surgery during the tnais. and no excessive surgical bleeding was T T 
reported. Prolonged bleeding time is normalized within two hours after administration of 20 mg methylprednisolone i.v. TICLID Aspinn Placebo 
Platelet transfusions may also be used to reverse the effect of TICLID on bleeding. GI Bleeding TICLID prolongs tenplate (n = 2048) (n = 1527) (n= 
bleeding time. The drug should be us: h caution in patients whi e with a propensity to bleed (such as Event | Incidence Incidence Incidence 
ulcers). Drugs that might induce such lesions should be on TICLID. (See C ens.) a es ann 539/145 T nan IR Le gay 
Use in Hepatically Impaired Patients Because of limi in patients with severe hepatic o may : y Eve = ais on v ja A na a i 5 
have bleeding diatheses. the use of TICLID is not recommended in this population. (See Clinical Pharmacology and Na $ "70 oa} 62 i 9 1 2 (09) 
Contraindications.) Use in Renally Impaired Patients There is limited expenence in patients with renal impairment. In ane Be ier) 0 12 ) f 
controlled clinical trials, no unexpected problems have been encountered in patients having mild renal impairment and Dyspepsia mM (1.1) 9.0 (2.0) 0.9 (0.2) 
there is no experience with dosage adjustment in patients with g d m Nevertheless, tor Rest Š 51 (34) 15 (0.8) 0.6 (0.9) 
renally impaired patients it may be necessary to reduce the dosage of ticlopidine or discontinue it altogether, if hemorrhagic + lal 37 (19) 56 (27) 13 (0.6) 
or hematopoietic problems are encountered. (See Clinical Pharmacology) Information for the Patient (See PPI) Fatients poe (1.3) 08 (0.1) 6. (0 4) 
should be told that a decrease in the number of white blood cells (neutropenia) can occur with TICLID". especially dunng “urpura 2 (02) vl (0.1) 0.0 (0.0) 
the first three months of treatment, and that if neutropenia is severe, it could result in an increased risk of infection. They Vorming 9 (14) 14 (0.9) 0.9 (0.4) 
should be told it is critically important to obtain the scheduled blood tests to detect neutropenia. Patients should also be Flatulence 5 (0.1) 14 (0.3) 0.0 (0.0) 
reminded to contact their physicians if they experience any indicafion of in uch as fever, chills, an throat, all of Pruritus 3 (0.8) 03 (0.1) 0.0 (0.0) 
which may be consequences of neutropenia. All patients should be told that it may take them usual to stop Dizziness 1 (0.4) 05 (0.4) 0.0 (0.0) 
bleeding when they take TICLID and that they should report any unusua bleeding to their phy ents should tell Anorexia 1.0 (0.4) 0.5 (0.3) 0.0 (0. 0) 
physicians and dentists that they are taking TICLID before any surgery is scheduled and bef ny new drug is Abnormal Live 10 (0.7) 0.3 (0.3) 0.0 (0.0) 
prescribed. Patients should be told to report promptly.side effects of TICLID such as severe or pers diarrhea, skin Function test =| t 
rashes, or subcutaneous bleeding, or any. signs of cholestasis. such as yellow skin or sclera. dark unne. or light colored Incidence of discontinuation, regardless of relationship therapy, is shown in parentheses 
stools. Patients should be told to take TICLID with food or just after eating in order to minimize inal discomfort 





4 NeutropeniaThrombocytopenia See Warnings Gastrointestinal TICLID therapy has been associated with a variety of 
gastrointestinal complaints including diarrhea and nausea. The majority of cases are mild, but about 13% of patients 
discontinued therapy because of these. They usually occur within 3 months of initiation of therapy and typically are 
resolved within 1-2 weeks without discontinuation of therapy. If the effect is severe or persistent, therapy should be 
5 discontinued. Hemorrhagic TICLID has been associated with a number of bleeding complications such as ecchymosis 
n 2 M; ja poate creases Wale epistaxis, hematuria, conjunctival hemorrhage. gastrointestinal bleeding and perioperative bleeding. Intracerebral bleeding 
observed in closely monitored clinical trials (e.g. no transaminase greater than 10 times the upper limit of normal was was rare in clinical trials with TICLID, with an incidence no greater than that seen with comparator agents (Ticlopidine 
SET O Po gft hose abnomaiias had terepy Cook Occasionally patients had davelopec minor 0.5%, aspirin 0.6%, placebo 0.75%.) Rash Ticlopidine has been associated with a maculopapular or ur icarial rash (often 
elevations in bilirubin. Basg on post-marketing and clinical tnals expenences iver function testing should be considered with pruntus). Rash usually occurs within 3 months of initiation of therapy, with a mean onset time of 11 days. If drug is 
whenever liver dystunctiofys suspected. particularly during the first four months of treatment Drug Interactions discontinued, recovery occurs within several days. Many rashes do not recur on drug rechallenge There have been rare 
Therapeutic doses of TICLID caysed a 30°% increase in therplasma half-life of antipyrine and may cause ane Ogee effects reports of severe rashes. Less Frequent Adverse Reactions (Probably Related) Clinical adverse experiences occurring 
on similarly metabolized drugs “tagretore'the dose of drugs metabolized by hepatic microsomal enzymes wilt Hw n05 to 1.0 percent of patients in the controlled trials include: Digestive System: Gl fullness. Skin and Appendages: 


Laboratory Tests Liver Function: TICLID therapy has been assoc ated with el of 
transaminases which generally occurred within 1-4 months of ti y initiation. In olled clinical trials, the incicence of 
elevated alkaline phosphatase (greater than 2 times upper limit of normal) wa in ticlopidine patient: 
patients and 2.5% in aspirin patients. The incidence of elevated AST (SGOT) (greater than 2 times upper 
was 3.1% in ticlopidine patients, 4.0% in placebo patients and 2.1% in aspirin patients. No progressive 
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therapeu tase bist cr  e hiss with hepa Ine may ETES adjustment to maintain optimal urticaria Nervous System: headache. Body as a Whole: asthenia, pain. Hemostatic System: epistaxis. Special Senses 
therapeutic blood levels when starting ping concomitant therapy with ticlopidine. Studies of specific drug interactions tinnitus. In addition, rarer, relatively serious events have also been reported, mainly from foreign post marketing 
yielded the following results: Aspirin: Aspinn did not modify idine-mediated inhibition of ADP induced platelet experience: Pancytopenia. hemolytic anemia with reticulocytosis, allergic pneumonitis, systemic lupus (positive ANA) 
aggregation, but ticlopidine potentiated the effect of aspirin on en-induced platelet aggregation safety of this peripheral neuropathy, vasculitis serum sickness.arthropathy, hepatitis. cholestatic jaundice, nephrotic syndrome, myositis 
combination has not been established and concomitant use of aspirin and ticlopidine is not recommence (See hyponatremia, immune thrombocytopenia and thrombocytopenic thrombetic purpura (TTP). OVERDOSAGE One case of 
Precautions - Gl Bleeding), Antacids: Administration of TICLID after antacids resulted in an 18% decrease in plasma deliberate overdosage with TICLID has been reported by foreign postmarketing surveillance program. A 38 year old fale 
levels of ticlopidine. Cimetidine: Chronic administration of cimetidine reduced the clearance of a single dose of TICLID by took a single 6000 mg dese of TICLID (equivalent to 24 standard 250 mg tablets). The only abnormalities reported were 
50%. Digoxin: Co-administration of TICLID with digoxin resulted in a slight decrease (appro mately 15%) in digoxin increased bleeding time and increased SGPT. No special therapy was instituted and the patient recovered without 
plasma levels. Little or no change in therapeutic efficacy of digoxin would be expected. Theophylline: in normal sequelae. Single oral doses of ticlopidine at 1600 mg/kg and 500 mg/kg were lethal to rats and mice, respectively 
volunteers, concomitant administration of TICLID resulted in a significant increase in the theophylline elimination half-life Symptoms of acute toxicty were GI hemorrhage, convulsions, hypothermia, dyspnea, loss of equilibrium and abnormal 
from 8.6 to 12.2 hr and a comparable reduction in total plasma clearance of theophylline Phenobarbital: in sx normal gait. DOSAGE AND ADMINISTRATION The recommended dose of TICLID is 250 mg BID taken with food. Other doses 
volunteers, the inhibitory effects of TICLID on platelet aggregation were not altered by chronic administration of have not been studied in cortrolled trials for these indications = g 7 
phenobarbital. Phenytoin: In vitro studies demonstrated that ticlopidine does not alter the plasma protein binding of = a 

phenytoin. However. the protein binding interactions of ticlopidine and its metabolites have no been studied in vivo. = 

Caution should be exercised in coadministering this drug with TICLID and it may be useful t | S SYNTEX U.S. Palant Non ENBER aed paz 
concentrations. Propranolol: In vitro studies demonstrated that ticlopidine does not alter the binding of ©1992 SYNTEX LABORATORIES, INC 
propranolol. However, the protein binding interactions of ticlopidine and its metabolites have udied in vivo SYNTEX LABORATORIES. INC o 
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Todays most respected authorities help 
you provide state-of-the-art care. 


Cet 

Asbury, McKhann & McDonald 
DISEASES OF THE 
NERVOUS SYSTEM: 
Clinical Neurobiology, 
2nd Edition 

100% revised by a team of 150 
expert clinicians! An authoritative 
two-volume masterwork brings 
together the latest on neurological 
dysfunction and the causes of neu- 
rologic diseases, with emphasis on 
pathogenesis and management. 
Includes newer approaches to the 
study of memory, particularly 
helpful when faced with a possible 
Alzheimer’s case. “Nothing in the 
contemporary science of neuro- 
biology that is at all relevant to 
clinical neurology is missing 
here.” (JAMA, review of previous edition) 


Edited by Arthur K. Asbury, MD, Guy M. 
McKhann, MD, and W. lan McDonald, PhD, 
FRCP. With 150 expert contributors. January 
1992. Two volumes: Over 1,835 pages. Over 
525 illustrations. $250.00. Order #W3208-4. 


W.B. SAUNDERS COMPANY 
Harcourt Brace Jovanovich, Inc. 
6277 Sea Harbor Drive, Orlando, FL 32887 


su 

Harper 

HUNTINGTON'S 
DISEASE 

A volume in the Major 
Problems in Neurology series 
This state-of-the-art mongraph 
provides athorough, expert review 
of this progressive, fatal illness. All 
aspects of Huntington’s disease are 
discussed. Dr. Peter S. Harper and 
5 distinguished colleagues share 
the latest understanding of the 
neurologic and psychiatric aspects 
of the disease and examine the 
social impact of research in 
progress. They alert you to prob- 
lems involved in predictive testing 
and genetic counseling, preparing 
you to tackle this disease head-on. 


Edited by Peter S. Harper, MA, DM, FRCP. 
With 5 expert contributors. August 1991. 454 
pages. 138 figures. 86 tables. $92.00. Order 
#B1538-5. 


Call Toll-Free 1-800-545-2522 
8:30 to 7:00 Eastern Time to order! 
(In Fla. call 1-800-433-0001) 
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1-800-874-6418 
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HEADACHE 


IN THE DECADE OF THE BRAIN 
SATURDAY, MARCH 28, 1992, 8:15 A.M. TO 3:15 P.M. 


The Seventh Headache Symposium presented by The Comprehensive Headache Center 
at The Germantown Hospital and Medical Center and *Temple University School of Medicine 
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On July 25, 1989 President George Bush signed into law HJ. Res. 
174 declaring the 1990's "The Decade of The Brain." Its passage 
signals a new age of research surrounding disorders of the brain. 
Please join us and our panel of international experts to explore 
some of the topics that will shape the decade. 


Call (215) 951-8926 to register before March 7, 1992 or 
write: The Germantown Hospital and Medical Center - Comprehensive 
Headache Center, One Penn Boulevard, Philadelphia, PA 19144. A $25 
registration fee is required (payable to The Germantown Hospital and 
Medical Center). Lunch and handout materials are included. 





Our faculty will include: * Temple University School of Medicine is accredited by the Accreditation Council 
ka ; } YORDA i sad 
Neil Raskin, M.D. for Continuing Medical Education (ACCME) to sponsor 
University of California, San Francisco Continuing Education for physicians. 
Michel Ferrari, M.D. Temple University School of Medicine designates this CME 


University Hospital, Leiden, Netherlands activity for 6 credit hours in Category 1 of the Physicians’ 


Steven B. Graff-Radford, D.D.S. — Recognition Award of the A.M.A. 
Cedars - Sinai Medical Ctr., Los Angeles, CA BE [| s 


rie al Symposi ding provided by GLAXO, Inc. 
Stephen D. Silberstein, M.D. COMPREHENSIVE ymposium funding provided by G nc 
The Germantown Hospital & Medical Center 
HEADACHE CENTER 


The Germantown Hospital and Medical Center 
One Penn Boulevard * Philadelphia, PA 19144 * (215) 951-8926 











HEADACHE 
DESCRIBED 


“Headache”- a personal 
interpretation of headache 
pain by John Crowley, a 

eadache patient. 


HEADACHE 
RELIEVED 


Effectively treats the pain of 
muscle contraction headache 
as well as the anxiety and 
tension that magnify it 






FIORINA Lwm 
CODEINE 
CAPSULES 


(Each capsule contains: codeine phosphate 30 mg [Warning: May 
be habit-forming}; butalbital 50 mg [Warning: May be habit-forming] 
caffeine 40 mg; and aspirin 325 mg) 














Potent relief of tension headache pain 


Please see brief summary on following page 
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BRIEF SUMMARY: Please see package insert for full prescribing information. 


CODEINE (i CAPSULES 


paeng phosphate USP, 30 mg [warning: may be habit forming}, butalbital USP, 50 mg [warning: may be habit 
lorming], caffeine USP, 40 mg; aspirin USP, 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions: 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 

2 Patients with a hemorrhagic diathesis (e.g. hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenias, thrombasthenia and other ill-defined hereditary platelet dysfunctions, severe vitamin K deficiency 
and severe liver damage.) 

3. Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity toaspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients. 

4. Peptic ulcer or other serious gastrointestinal lesions. 

5, Patients with porphyria. 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. It 
should be ascertained if the patient is allergic to aspirin, although a specific history of allergy may be lacking 

Significant ve can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders. 

Aspirin administered pre-operatively may prolong the bleeding time. 

In the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or Clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both habit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended. 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu: 


PRECAUTIONS: Genera: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
aae the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders, 
or injuries. 

edt should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
defects. 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspirin is particularly likely in patients with nasal polyps, and relatively common in those with asthma. 

Information for Patients: Patients should be informed that Fiorinal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy. 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentiall 
AoE tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal 
with ine. 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided. 

Codeine and butalbital may be habit-forming. Patients should take the drug only for as long as it is prescribed, 
inthe amounts prescribed, and no more frequently than prescribed. 

Laboratory Tests: In patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests. 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors. 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance. 

Fiorinal® with Codeine may enhance the effects of: 

4. Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 
from plasma protein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, if dosage of Fiorinal® 
with Codeine exceeds maximum recommended daily dosage. 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from binding sites, and, in the case of methotrexate, also reducing its excretion 

4. on anti-inflammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects. 

5. Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-hypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of: Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout. Aspirin competes with these agents for protein binding sites. 

Drug/Laboratory Test Interactions 
Aspirin: Aspirin may interfere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum utamic-oxalacetic transaminase (SGOT), uric acid, prothrombin time and bleedi 
time. fep may interfere with the following laboratory determinations in urine: glucose, 5-hydroxyindoleacetic acid, 

ardt 


Gerhardt ketone, vanillylmandelic acid (VMA), uric acid, diacetic acid, and spectrophotometric detection of barbiturates. 
Codeine: Codeine may increase serum levels. 
Carcit i is, Impairment of Fertility: Adequate long-term studies have been conducted in mice 


and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was seen. 
No adequate studies have been conducted in animals to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility. No adequate studies have been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, mutagenesis, or impairment of fertility. 

Usage in Pregnancy 

Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fiorinal® 
with ine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed. 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a female infant was 
born with lissencephaly, pachygyria and heterotopic gray matter The infant was born 8 weeks prematurely to a 
woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days of 
pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mg/kg, which was tapered without further seizure or other withdrawal symptoms 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy. In controlied studies involving 41,337 pregnant women and 
their offspring, there was no evidence that aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight. In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect. 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine. 

Therapeutic doses of aspirin in pregnant women close to term may Cause bleeding in mother, fetus, or neonate. 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate. 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established. 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated with the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness. 

Associated with Treatment Discontinuation: Of the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical trials, three (0.8%) discontinued treatment with Fiorinal® with Codeine because of adverse events. One patient 
each discontinued treatment for the following reasons: gastrointestinal upset, lightheadedness and heavy eyelids; 
and drowsiness and generalized tingling. 
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Incidence in Controlled Clinical Tals: The following table summarizes the incidence rates of the adverse events 
reported by at least 1% of the Fiorinal® with Codeine treated patients in controlled clinical trials compari Fiorinal® 
reported by a least 1% one Fra wi Cone o fe ngdence rales repone by he placebo Teated patients. 

The prescriber should be aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving different treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 











Placebo Controlled Clinical Trials 
Incidence Rate of Adverse Events 

Body System/ Fiorinal®/Codeine g Placebo 

Adverse Event (N = 382) (N=377) 
Central Nervous 

Drowsiness 2.4% 0.5% 

Dizziness/Lightheadedness 2.6% 0.5% 

Intoxicated Feeling 1.0% 0% 
Gastrointestinal 

Nausea/Abdominal Pain 3.7% 0.8% 





Other Adverse Events Reported During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 


by Fiorinal® with ine. 

‘Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients; all adverse events listed in the previous table are frequent. “Intre g 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All 
events tabulated below are classified as infrequent. 

Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, hot spells, 
numbness, and sluggishness. 

Autonomic Nervous: dry moutn and hyperhidrosis. 

Gastrointestinal: vomiting, difficulty swallowing, and heartburn. 

Cardiovascular: tachycardia. 

Musculoskeletal: leg pain and muscle fatigue. 

Genitourinary: diuresis. 

Miscellaneous: pruritus, fever, earache, nasal congestion, and tinnitus. 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine, are listed below Many or most of these events may have no causal relationship with the drug and are 
listed according to body system. 

Central Nervous: Abuse, addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous: epistaxis, flushing, miosis, salivation. 

Gastrointestinal: anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mouth burning, pyloric ulcer. 

Cardiovascular: chest pain, hypotensive reaction, palpitations, syncope. 
multiforme, exfoliative dermatitis, hives, rash, toxic epidermal necrolysis. 


Skin: erythema, ei 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema. 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® 


with Codeine. Potential elfects of high dosage are listed in the OVERDOSAGE section of this insert. 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bleeding time, acute airway obstruction, renal toxicity when taken in high doses for prolonged 
periods, impaired urate excretion, hepatitis 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia. 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus. 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule Ill 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications- 


nyon especially following prolonged use 


occurs, the margin between an intoxication spe ee fatal dosage becomes smaller. The lethal dose of a barbiturate 
is far less if alcohol is also ingested. Major wi i thi 

hours and last up to 5 days after abrupt 
over a period of approximately 15 days. Treatment of barbiturate dependence consists of cautious and gradual 
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withdrawal of the drug. Barbitutate-dependent patients can be withdrawn by using a number of different withdrawal »~"ss 


regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient. 

OVERDOSAGE: The toxic effects of acute a page ot Foma with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a extent, aspirin. Because toxic effects of caffeine occur 
in way high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikel 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma: respiratory depression; hypotension; shock. Symptoms attributable to acute aspirin poisoning include hyperpnea; 
acid-base distut with development of metabolic acidosis; vomiting and abdominal pain; tinnitus, hyperthermia; 
hypoprothrombinemia; restlessness, delirium, convulsions. Acute caffeine poisoning may cause insomnia, restlessness, 
tremor, and delirium; tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged. 

freatment consists primarily of mai nt of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and | reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when to provide assisted respiration. Diuresis, alkalinization of 
olte disturbances should be accomplished through administration of intravenous 


Meticulous attention should be gi 
may require the administration of 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously. ` 

Methemoglobinemia over 30% should be treated with menyene blue by slow intravenous administration. 

Naloxone, a narcotic antagonist, can reverse respirat pression and coma associated with opioid overdose. 
Typically, a dose of 0.4 mg to 2 mg is given parenterally and may be repeated if an adequate respon: 
achieved. Since the duration of action of codeine may exceed that of the aragona, the patient should be ke 
under continued surveillance end repeated doses of the antagonist should be administered as needed to maintai 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression. 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL; lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g; lethal dose unknown 
Codeine: lethal dose 0.5-1.0 g (adult) 


À SANDOZPHARMACEUTICALS 
Corporason E Hanover NJ 07936 (201) 503-7500 
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Calendar 


1992 
Feb 13-15 


March 2-6 
9-19 


12-14 
12-14 


21-22 


May 17-20 
20-22 
29-31 


31-June 2 


Arch Neurol—Vol 49, February 1992 


CALENDAR OF MEETINGS 


Annual Meeting of the Western Electroencephalographic Society, Salt Lake City, Utah. Contact 
Bonnie Becker, Executive Secretary, Western Electroencephalographic Society, Good Samaritan 
Hospital, Suite 400, 1040 NW 22nd Ave, Portland, OR 97210; (503) 229-7721. 

The 30th Annual Armed Forces Institute of Pathology Review Course, Hyatt Regency, Bethesda, 
Md. Contact Education Division, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(301) 427-5231. 

26th Comprehensive Review Course in Physical Medicine and Rehabilitation, Houston, Tex. Contact 
Marcie Colon, Program Coordinator, Office of Continuing Education, Baylor College of Medicine, 
One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 

“Recent Advances in Neurology and Neurosurgery,” Marriotts Camelback Inn, Phoenix, Ariz. 
Contact Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3579. 
Second Annual Neurology Update, Keystone, Colo. Contact Lisa Bailey, Wichita Institute for Clinical 
Research, 551 N Hillside, Suite 340, Wichita, KS 67214; (800) 657-7250. 

The Third Annual Postgraduate Electromyography Review Course, lowa City, lowa. Contact 
Deborah L. Hatz, Program Coordinator, University of lowa College of Medicine, lowa City, IA 52242; 
(319) 335-8598. 

Meeting of the Society of Neurological Surgeons, Louisville, Ky. Contact James |. Ausman, 2799 W 
Grand Blvd, Detroit, MI 48202; (313) 876-1340. 

35th International Symposium of the Swedish Pharmaceutical Sciences, Lund, Sweden. Contact 
The Swedish Academy of Pharmaceutical Sciences, PO Box 1136, S-111 81, Stockholm, Sweden. 
1992 Princeton Conference, Henry Ford Hospital, Detroit, Mich. Contact Henry Ford Hospital, 2799 
W Grand Bivd, Detroit, MI 48202. 

25th Congress of the European Society of Pediatric Neurosurgery, Berlin, Germany. Contact 
Professor Mario Brock, Department of Neurosurgery, Free University of Berlin, Hindenburgdamm 
30, W-1000 Berlin 45, Germany. 


Calendar 
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Trials of an Expert Witness: Tales of Clinical 
Neurology and the Law, by Harold L. Klawans, 
277 pp, $19.95, Boston, Little Brown & Co Inc, 
1991. 


If you want to practice your tennis 
shots against the schoolhouse wall, pick 
an area where there is no ivy; other- 
wise, you will just practice picking up 
tennis balls. If you want a good dialog, 
pick someone who can bounce your 
words back at you, put a spin on them— 
someone more like bare brick than ivy. 
Someone like Harold Klawans. 

Klawans’ replies to attorneys in 
courtrooms, as he records them in Tri- 
als of an Expert Witness, are as solid as 
abrick wall. Brick may be porous, but a 
tennis ball will never find that out. 

Klawans is a winner, no matter which 
side he takes. In court, he takes one 
about as often as the other, he says, and 
the tally in his book bears that out: he 
achieves eight wins for the prosecution, 
six for the defense. No losses. 

In a meeting recently chaired by the 
chief editor of the ARCHIVES, one of the 
participants voiced an unnecessarily 
heated, curmudgeonly opinion, the kind 
likely to be remembered for its animus, 
not its content. “Put him down,” said 
the chair, “as ‘Undecided’ ” Klawans 
gives his version of that remark, quot- 
ing his own response to a diatribe by 
Harold Stevens against Ezra Pound: “I 
like a man who understates his views.” 
Klawans’ opinions are “undecided” and 
“understated” in that same ironic sense. 
Beyond the wordplay of the title, this is 
a straight-ahead kind of book. The au- 
thor is not out to make friends with 
anybody, and he does not hesitate to 
take neurologists to task, along with 
lawyers, psychiatrists, and patients, if 
they do not behave the way they should. 
Identifying the bad guy in a Klawans 
story is not difficult: a neurologist, for 
instance, who wears a $500 suit, a large 
diamond on his pinky, and a “permanent 
sneer” on his face—permanent, that is, 
until Klawans makes it disappear and 
puts “a glare of utter hatred” in its 
place. 

The point of each tale is clear; the 
telling is done in his now-familiar, crisp 
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style (Arch Neurol. 1989;46:476) sure- 
handedly leading the reader along. Al- 
though neurologists who read the book 
will have no great difficulty with the 
diagnostic problems that Klawans ad- 
dresses, he discloses them in a way that 
requires attention; he sets little traps 
and gives his colleagues a chance to 
think with him, providing us, ultimate- 
ly, with an added satisfaction not avail- 
able to the nonmedical reader. Beyond 
that, I found unexpected benefits: his 
tragic tale about “sleep drunkenness” 
helped me with a 10-year-old case I re- 
viewed that has already had its day in 
court. I read the story at bedtime and 
waked suddenly in the early morning 
with a new insight that held up in the 
light of day. I hope it may lead to re- 
opening the case. The first tale in this 
book, which deals with the issue of 
whether injury can precipitate the on- 
set of multiple sclerosis, guided me in 
formulating my approach to a fortheom- 
ing case in which I, as an expert wit- 
ness, intend to dispute a similar conten- 
tion with regard to a neurodegenerative 
disorder of unknown cause. I only hope 
that when I amin the courtroom I can be 
as “undecided” as Klawans. 


DAVID GOLDBLATT, MD 
Rochester, NY 


Clinical Epidemiology of Stroke, by Shah 
Ebrahim, 227 pp, $59.95, New York, NY, Oxford 
University Press, 1990. 

Much of what we know about stroke 
has resulted from epidemiologic stud- 
ies. A thorough knowledge of epidemio- 
logic principles is necessary both to in- 
terpret and to execute future trials 
properly. In this book, Ebrahim has 
championed the cause of the investiga- 
tor of clinical stroke. 

Clinical Epidemiology of Stroke in- 
cludes a valuable description of epide- 
miologic principles in the context of 
stroke studies as well as a thoughtful 
discussion on issues of clinical disagree- 
ment, ie, disagreements among physi- 
cians regarding diagnosis and disagree- 
ments in interpretation of computed 








tomograms and angiograms. The cost- 
benefit analysis of performing com- 
puted tomography on every stroke pa- 
tient is interesting and obliquely points 
out the differences in health care policy 
between the United Kingdom and the 
United States. 

The author critically appraises the 
existing literature and raises important 
issues meant to stimulate further study 
while simultaneously teaching basic 
concepts of epidemiology. Issues re- 
garding potential difficulties in per- 
forming clinical trials in the therapy of 
acute stroke, pitfalls of past clinical tri- 
als, and advice for future trials are dealt 
with in a concise and unbiased manner. 
Additionally, the author reinforces the 
importance of outcome scales or “sever- 
ity measurements”; explains the rela- 
tionship between impairment, disabil- 
ity, and handicap; and addresses the 
need for better predictors of recovery. 

The author is frank in his consider- 
ation of published guidelines for man- 
agement of stroke patients that are not 
based on clinical evidence and outlines 
guidelines for better future studies in 
stroke rehabilitation. 

In summary, Clinical Epidemiology 


< 


of Stroke is an authoritative work with „~ 


excellent references that is must read- 
ing for anyone with a serious interest in 
research in clinical stroke. 

JOSE BILLER, MD 


DAVID LEE GORDON, MD, 
Iowa City, Iowa 


Headache Relief, by Alan M. Rapoport and 
Fred D. Sheftell, 288 pp, $18.95, New York, NY, 
Simon & Schuster Inc, 1990. 


Headache Relief, intended for lay 
readers, covers a broad spectrum of 
subjects related to headache. The dust 
jacket describes this book as “providing 
a medically proven program that can 
control and ease headache pain.” The 
book, however, attempts more by dis- 
cussing anatomy and physiology of pain 
in lay language. This latter, brave at-+ 
tempt is, to my mind, a bit too ambitious 
and might well have been abbreviated, 
since it is difficult to do justice to this 
mass of knowledge (which is probably 
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more than most patients wish to know). 
The organization of information on 
these subjects is not as good as the orga- 
nization of information concerning clini- 
cal and therapeutic subjects. 

The heart of the book, of course, deals 
with treatment. A good chapter sum- 
marizes the effectiveness and side ef- 
fects of the various medications used for 
the acute headache attack and for pro- 
phylaxis. The authors properly empha- 
size the danger of overprescription of 
drugs at the expense of a careful evalua- 
tion of the patient's life-style, emotional 
state, and diet. Great emphasis is placed 
on relaxation techniques of various 
kinds and on a variety of nonpharmaco- 
logic therapies (eg, diet and exercise). 
There are a few questionable general- 
izations, eg, that a variety of toxins de- 
rived from “food that has rotted in the 
intestine” may damage the liver and be 
a cause of headache and that aerobic 
exercise is therapeutic because it causes 
blood to flow more freely through the 
body “cleansing it of toxins that may 
produce pain.” The book is weakest in 
providing patients insight into the am- 
biguities in the field and the many un- 
certainties in prognosis and therapeutic 
results. In general, however, the infor- 
mation is correct and the advice wise. 
The writing style is extremely informal, 
and the book should, therefore, be easy 
for patients to read. 


DEWEY K. ZIEGLER, MD 
Kansas City, Kan 


Neurobiology of Incontinence, edited by G. 
Bock and J. Whelan, 336 pp, $63.50, New York, 
NY, John Wiley & Sons Ine, 1990. 


Incontinence, a common problem 
with a diverse underlying pathogenesis, 
is treatable by a variety of specialists. 
Neurobiology of Incontinence is the re- 
sult of a multidisciplinary symposium 
sponsored by the Ciba Foundation that 
emphasized the neurologic aspects of 
both urinary and fecal incontinence. 
Each chapter of this book consists of a 
review of the topic by a well-known in- 
vestigator, followed by a discussion by 
the symposium’s participants. The first 
section of the book includes well-writ- 
ten chapters covering the relevant anat- 
omy, neurophysiology, and pharmacol- 
ogy, with the bulk of the material 
focused on urinary incontinence. The 
present state of knowledge regarding 
the complex interaction of cortical func- 
tion and autonomic reflex pathways re- 
quired for normal bowel and bladder 

4 function is succinctly presented. The 
book includes information on the actions 
of a number of neurotransmitters on 
voiding function; the importance of this 
information is, at present, still specula- 
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tive. Throughout this book, the discus- 
sion following each presentation is par- 
ticularly interesting and helpful, as the 
participants’ comments and questions 
enhance each topic from the perspective 
of a variety of disciplines. Similarities 
and important differences in the neuro- 
biology of the lower urinary tract and 
anorectal function are noted. Subse- 
quent chapters are more clinically ori- 
ented and discuss pathogenesis, diagno- 
sis, and treatment of incontinence. 
Clinical assessment of incontinence is 
discussed, noting the limitations in in- 
terpreting manometric and electromyo- 
graphic data. This section includes an 
interesting chapter that proposes 
chronic partial denervation of the pelvic 
floor as a cause of stress urinary inconti- 
nence in women, a condition that is gen- 
erally conceptualized only as altered 
pelvic floor anatomy. Chapters cover- 
ing behavioral, pharmacologic, and sur- 
gical treatment of urinary and fecal in- 
continence are concise, up-to-date 
summaries, and, again, the discussion 
sections provide interesting dialogue. A 
chapter is also devoted to the use of 
implantable nerve stimulators in treat- 
ment of voiding dysfunction, a modality 
that shows promise but, at present, re- 
mains an experimental therapy. The 
symposium succeeded in bringing to- 
gether the neuroscientists and clini- 
cians in this discipline to share their 
expertise. Anyone interested in inconti- 
nence will find Newrobiology of Inconti- 
nence stimulating and informative. 


ROBERT D. MAYER, MD 
Rochester, NY 


Traumatic Transtentorial Herniation and Its 
Management, by Brian T. Andrews and Lawrence 
H. Pitts, 152 pp, with illus, $40, Mount Kisco, NY, 
Futura Publishing Co, 1991. 

This compact book is derived from 
and, in a straightforward way, summa- 
rizes the practice plan of two well-quali- 
fied authors with vast experience in the 
care of patients with severe head inju- 
ries. The focus on transtentorial hernia- 
tion and brain-stem compromise height- 
ens the issue ina particularly significant 
manner. The core issue in these patients 
is certainly the management of those 
with this clear warning signal that the 
circumstance is not necessarily irre- 
versible and unmanageable. Immediate 
and vigorous care may well be conse- 
quential. It is refreshing to see An- 
drews and Pitts’ emphasis on criteria for 
immediate definitive intervention in 
well-defined circumstances based on 
early indicators of brain-stem compres- 
sion. Their review of the anatomy, early 
clinical evaluation, and management of 
these patients is well presented. The 


compounding impact of cerebral hypox- 
ia on patient evaluation and outcome is 
well emphasized. These authors pre- 
sent a very rational plan that defines the 
timing, priorities, and indicators for ra- 
diographic and operative intervention, 
the surgical strategies pertinent to the 
identification and early evacuation of 
mass lesions, the control of intracranial 
pressure, intensive care management, 
delayed onset of intracerebral hemato- 
mas, and posttraumatic sequelae in- 
cluding rehabilitation. Prognostic indi- 
cators and their limitations are well 
considered. Traumatic Transtentorial 
Herniation and Its Management is suc- 
cinct and clinically pertinent, especially 
for emergency room personnel and ear- 
ly trainees in neurosurgery. It is, in 
itself, a refreshing statement of the au- 
thors’ current practice. The references 
are well selected. The illustrations are 
pertinent. The style is most readable. 


ROBERT B. KING, MD 
Syracuse, NY 


Culturing Nerve Cells, edited by Gary Banker 
and Kimberley Goslin, 453 pp, with illus, $45, Cam- 
bridge, Mass, Massachusetts Institute of Technol- 
ogy Press, 1991. 


In the early 1970s, a researcher who 
ventured to present data obtained from 
neural cultures risked questions such as 
“How can your data possibly relate to 
the diseased state in vivo?” Now, a mere 
15 years later one may be confronted 
with “How can you possibly arrive at 
those conclusions when you have not 
analyzed the system at the molecular 
level with single cells in vitro?” Certain- 
ly more researchers, from the novice to 
the established investigator, are at- 
tempting to answer questions concern- 
ing the nervous system that can only be 
addressed out of necessity by the isola- 
tion and culture of cells removed from 
the complex organism. Yet very few 
primers exist to guide the investigator 
or, for that matter, to instruct the stu- 
dent from a standpoint of neural cell 
biology. Therefore, the arrival of this 
textis a pleasant surprise and welcomed 
book for this arena. 

Culturing Nerve Cells consists of a 
collection of chapters each devoted to a 
fairly complete description of the cul- 
ture of distinct neural cell types from 
different species. Relevant information 
for culturing aplasia neurons to rat as- 
troglia is detailed, while important facts 
concerning different substrates for at- 
tachment and adherence of neurons to 
the discussion of defined, serum-free 
media are presented. Importantly, 
unique features of “idiosyncracies” of 
preparing primary nervous tissue for 
culture are presented that cannot be 
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found elsewhere, such as “During disso- 
ciation, the released DNA can form a 
sticky viscous ‘goop,’ ” and “To culture 
sympathetic neurons, it is necessary to 
avoid exposing pipettes or other glass- 
ware to detergents.” 

Culturing Nerve Cells should be re- 
quired reading for many beginning re- 
searchers who are attempting neural 
cell culture. The editors have compiled 
relevant chapters provided with useful 
inserts set off in gray boxes with actual 
recipes for fixing cultures, staining 
cells, and performing in situ hybridiza- 
tion and autoradiography. Further- 
more, actual photographs of neurons on 
a hemocytometer surface ready to be 
counted and a photograph of a rat tail 
tendon used for the preparation of colla- 
gen are supplied and lay the ground- 
work for much of the practicalities of 
culturing, which have been typically 
taken for granted or which have been 
anecdotal to any one except hard-core 
tumor biologists. Very timely attention 
is also paid to gene transfer technology 
with nerve tissue and careful attention 
to terminology and manufacturer's cat- 
alog information for duplicating the 
equipment to perform successful 
protocols. 

The investment placed in Culturing 
Nerve Cells should reward the neurosci- 
entist endeavoring to see and manipu- 
late neurons one on one. 


Mary F. D. NOTTER, PHD 
Rochester, NY 


Clinical Neuro-Urology, ed 2, by Robert J. 
Krane and Mike B. Siroky, 692 pp, with illus, 
$97.50, Boston, Mass, Little Brown & Co Ine, 1991. 


Clinical Neuro-Urology provides ex- 
cellent coverage of micturitional disor- 
ders resulting from neurologic disease. 
It provides insight into the mechanisms 
of voiding dysfunction and provides a 
multidisciplinary approach to their 
management. Thus, this book is very 
useful to many medical specialties in- 
volved in the care of patients with void- 
ing disorders. 

This book starts with chapters on the 
anatomy and physiology of micturition. 
The roles of the sympathetic, parasym- 
pathetic, somatic, nonadrenergic, and 
noncholinergic innervation of the blad- 
der, urethra, and pelvic floor are well 
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developed and referenced. After estab- 
lishing the basics of bladder innervation 
and function, an excellent discussion of 
fluid dynamics and muscle mechanics is 
presented. These topics are conceptual- 
ly developed, backed by the necessary 
physics and mathematics, providing ex- 
cellent insight into the physics of void- 
ing and the meaning and limitations of 
commonly measured parameters such 
as pressure or flow. While many clini- 
cians may skip these technical chapters, 
they are of great value to those perform- 
ing urodynamic testing and those inter- 
preting the results. 

Clinical Neuro-Urology then covers 
the acquisition of information relevant 
to the assessment of voiding dysfunc- 
tion by history and the results of the 
physical examination and each of the 
frequently performed urodynamic 
tests. These topics are well covered and 
provide a good overview of cystome- 
trics, uroflowmetry, electromyogram, 
evoked potentials, and combined video- 
urodynamics. A good balance is pre- 
sented of practical knowledge on each 
topic, which is of use to those perform- 
ing the studies and the development of 
the concepts each test addresses and 
which facilitates judgment on when and 
why to use these tests. 

Chapters devoted to a single clinical 
entity are then provided. Most topics 
are very thoroughly covered, although 
a few chapters are too brief, eg, the 
chapter on intracranial lesions causing 
voiding dysfunction. A discussion of 
functional voiding disorders in both men 
and women is also well presented. A 
useful chapter on the classification of 
voiding disorders is also included; this 
chapter is of great help in the integra- 
tion of the various terms used. 

This book concludes with chapters on 
the treatment of neurologically related 
voiding disorders. Nonsurgical meth- 
ods, such as indwelling or intermittent 
catheterization, biofeedback, and elec- 
trical stimulation for both stress incon- 
tinence and detrusor instability as well 
as electrical neural stimulation, are all 
well presented. An excellent chapter is 
provided on the pharmacologic treat- 
ment of voiding disorders. Surgical 
treatments, including repair of stress 
incontinence, bladder augmentation, 
continent conduits, sphincter injec- 


tions, and prostheses are well covered 
and illustrated. 

In summary, Clinical Neuro-Urolo- 
gy provides a very comprehensive and 
current collection of information on neu- 
rologically related voiding disorders. It 
is organized to permit rapid access to a 
specific clinical problem or to an in- 
depth study via its initial chapters. It is 
highly recommended for all practitio- 
ners with patients with these problems 
or practitioners with an interest in this 
area. 


ROBERT S. Davis, MD 
Rochester, NY 


Contemporary Neurology Series: The Neurol- 
ogy of Eye Movements, ed 2, by R. John Leigh and 
David S. Zee, 561 pp, with illus, $80, Philadelphia, 
Pa, FA Davis Co Publishers, 1991. 

For a book to be a classic, it should 
present new material in an accessible 
fashion or organize a complex body of 
knowledge for use by people with many 
levels of understanding. Leigh and Zee 
in their second edition of The Neurology 
of Eye Movements have done both. 
While it is twice as large as its predeces- 
sor, it could hardly be used to press 
flowers. The superb index permits ac- 
cess to all of the remote recesses of the 
book. The lists and tables take the abun- 
dant raw information in the references 
and reassemble it for quick clinical use 
and for clear organization of current 
thought about how we move our eyes. 

Interspersed throughout this book 
are clinical vignettes that highlight 
points of diagnostic importance, provid- 
ing memorable “stories” rather than 
simply dry dates and references. Each 
appendix provides a clear, step-by-step 
scheme for looking at eyes at the bed- 
side and information on recording 
techniques. 

The book is a skillfully crafted update 
of their first edition. It is an invaluable 
companion for the workaday neurologi- 
eal clinician, a thoughtful compendium 
of classic and up-to-date references for 
the student of ocular motility, and a 
sourcebook for any clinician who wants 
to put an eye movement abnormality 
into clinical context. 


JAMES J. CORBETT, MD 
Jackson, Miss 
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WARNING 

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER, 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA. 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS. 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND AP- 
LASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE. IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG SHOULD BE CON- 
ener IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
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Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 
Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenz[b, flazepine-5-carboxamide, and its struc- 
tural formula is: 


AO 


1 
CONH? 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27. 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin, 
glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, 
stearic acid, and sucrose (chewable tablets only). 


CLINICAL PHARMACOLOGY 
in controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

it has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution, thus avoiding undesirably high peak concentrations. Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma levels of Tegretol are variable and may 
range from 0.5-25 pg/ml, with no apparent relationship to the daily intake of the drug. 
Usual adult therapeutic levels are between 4 and 12 pg/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life 
is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours on 
repeated doses. Tegretol is metabolized in the liver. After oral administration of 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces. This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with higher levels 
found in liver and kidney than in brain and lungs. 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlied studies 
that enrolled patients with the following seizure types: 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types 
2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures 

‘Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General). 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia. 

Beneficial results nave also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 


CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous bone marrow depression. 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits. 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity: therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 


made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 

a history of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol. 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat. ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear. 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 


tasks. 

Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline. Ita patient in the course of 
treatment exhibits iow or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops- 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur. The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 


Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition, 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used. 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone. 

Hyponatremia has been reported in association with Tegretol use, either alone or in 

combination with other drugs. 
Drug Interactions: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol blood levels is not clearly established, 
although an increase in the ratio of active 10, 11-epoxide metabolite to parent compound is 
a consistent finding. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene. 
isoniazid, fluoxetine or calcium channel blockers has been reported to result in elevated 
plasma levels of carbamazepine resulting in toxicity in some cases. Also, concomitant 
pla of carbamazepine and lithium may increase the risk of neurotoxic side 
effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine, when acminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25, 75, and 250 
mg/kg/day, resulted ina dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results. The significance of these findings relative to the use of carbamazepine in 
humans is, at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 1; talipes, 1. 
anophthalmos, 2). In reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations, including spina bifida. Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Retrospective case reviews suggest that, compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
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combination therapy. Therefore, monotherapy is recommended for pregnant women 

Itis important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and frequency of the seizure disorder are ‘such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus, 

Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration. 

Because of the potential for serious adverse reactions in nursing infants from car- 
bamazepine, a decision should be made whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established. 


ADVERSE REACTIONS 

If adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions, particularly during the initial phases of 
therapy, are dizziness, drowsiness, unsteadiness, nausea, and vomiting. To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended. 

The following additional adverse reactions have been reported: 

Hemopoietic System: Aplastic anemia, agranulocytosis, pancytopenia, bone marrow 
depression, thrombocytopenia, leukopenia, leukocytosis. eosinophilia, acute intermittent 
porphyria 

Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), pnotosen- 
sitivity reactions, alterations in skin pigmentation, exfoliative dermatitis, erythema multi- 
forme and nodosum, purpura, aggravation of disseminated lupus erythematosus, 
alopecia, and diaphoresis. In certain cases. discontinuation of therapy may be necessary. 
Isolated cases of hirsutism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, 
hypotension, syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities. Myocardial 
infarction has been associated with other tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, pneu- 
monitis or pneumonia 

Genitourinary System: Urinary frequency, acute urinary retention, oliguria with elevated 
blood pressure, azotemia, renal failure, and impotence. ‘Albuminuria, glycosuria, elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. In dogs, it produced a brownish discoloration. presum- 
ably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg and higher. 
Relevance of these findings to humans is unknown 
Nervous System: Dizziness, drowsiness, disturbances of coordination, confusion. head- 
ache, fatigue, blurred vision, visual hallucinations. transient diplopia, oculomotor distur- 
bances, nystagmus, speech disturbances, abnormal involuntary movements. peripheral 
neuritis and paresthesias, depression with agitation, talkativeness, tinnitus, and 
hyperacusis. 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System: Nausea, vomiting, gastric distress and abdominal pain, diarrhea, 
constipation, anorexia, and dryness of the mouth and pharynx, including giossitis and 
stomatitis 
Eyes: Scattered, punctate, cortical lens opacities. as well as conjunctivitis nave been 
reported. Although a direct causal relationship has not been established, many phe- 
nothiazines and related drugs have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg cramps. 
Metabolism: Fever and chills, Inappropnate antidiuretic hormone (ADH) secretion syn- 


drome has been reported. Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: Isolated cases of a lupus erythematosus-like syndrome have been reported. There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and peripheral eosinophilia, 
has been reported in a patient taking carbamazepine in combination with other medica- 
tions. The patient was successfully dechallenged, and the meningitis reappeared upon 
rechallenge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans. 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man). Highest known doses 
survived: adults, 30 g (31-year-old woman); children, 10 g (6-year-old boy); small 
children, 5 g (3-year-old girl). 

Oral LD 50 in animals (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pigs, 920. 
Signs and 
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the 
most prominent. Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested. 
Respiration: \rregular breathing, respiratory depression 
Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders. 
Nervous System and Muscles: Impairment of consciousness ranging in severity to deep 
coma. Convulsions, especially in small children. Motor restlessness, muscular twitching, 
tremor, athetoid movements, opisthotonos, ataxia, drowsiness, dizziness, mydriasis, 
nystagmus, adiadochokinesia, ballism, psychomotor disturbances, dysmetria. Initial 
hyperreflexia, followed by hyporeflexia. 
Gastrointestinal Tract: Nausea, vomiting 
Kidneys and Bladder: Anuria or oliguria, urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count, glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same time, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specific antidote. 
Elimination of the Drug: induction of vomiting 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also 
consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure. Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression: Keep the airways free; resort, if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension. Shock: Keep the patient's legs raised and administer a plasma expander. If 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 
Convulsions: Diazepam or barbiturates. 
Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week). 
‘Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes, and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities: M evidence of significant bone marrow depres- 
sion develops, the following recommendations are suggested: (1) stop the drug, (2) 
perform daily CBC, platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 59Fe—ferrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for Ag and F hemoglobin, and (7) serum 
folic acid and B42 levels. 

A fully developed apiastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought. 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS, Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 

Epilepsy (see INDICATIONS AND USAGE). 

‘Adults and children over 12 years of age—Initial: 200 mg b.i.d. Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q.i d. regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age, and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.i d. Increase at weekly intervals by adding 
100 mg per day using at.i.d. or q.i.d. regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mo. Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 


0). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE)- 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg—round, red-speckled, pink, single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 58887-052-32 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 


Bottles of 100 . NDC 58887-027-30 

Bottles of 1000 NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 


(strips of 10) å : NDC 58887-027-32 
Samples, when available, are identified by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP). 

Also available as: Tegretol suspension 100 mg/5 mi, in 450 mi bottles. 
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Letters to the Editor 


Letters to the editor should be submitted as 
double-spaced on plain bond paper; they will be subject to 
do not justify the right margin. A copyright transmittal 
(see “Instructions for Authors”). 


Thiomolybdates in the Treatment 
of Wilson’s Disease 


To the Editor.—Brewer and his col- 
leagues’ report on the use of tetrathio- 
molybdate as an anticopper agent in the 
treatment of Wilson’s disease, employ- 
ing this compound as an initial therapy 
in an attempt to avoid the increase in 
symptoms sometimes seen after the use 
of chelating agents. While they refer to 
the important work of Mills and his asso- 
ciates at the Rowett Research Institute 
in Aberdeen, Scotland, where much 
work has been done on experimental 
animals, they seem unaware that the 
ability of thiomolybdates to induce cop- 
per deficiency in ruminants has been 
known since the 1940s as was described 
by Dick’ in 1953. An attempt to use 
molybdate as an anticopper treatment 
for Wilson’s disease was made in the 
1950s* without success. The reason for 
the failure of this study was that the 
thiosalt was not used and the molybdate 
and sulfate given to the patients was not 
converted to the thio derivative in the 
gut in man as it is in ruminants. The 
possibility of thiomolybdate as an effec- 
tive therapy in Wilson’s disease was not 
again explored until the 1980s when Ie 
reported its successful use in a patient 
with Wilson’s disease who showed intol- 
erance to penicillamine, trientine, Brit- 
ish antilewisite, and zinc. This patient is 
well on molybdate treatment after 8 
years and is still taking it. In 1986, ig 
gave a detailed account of the effect of 
tetrathiomolybdate on the blood and 
urine copper levels in a series of patients 
with Wilson’s disease and in one normal 
control subject. The changes that could 
be induced in the handling of radiocop- 
per were also documented. Brewer and 
his associates seem to be unaware of this 
work. 

However, more serious than this lack 
of familiarity with the literature is the 
failure to make any mention of possible 
toxic effects with this drug. In recom- 
mending a relatively new treatment, 
this is surprising. The workers at the 
Rowett Research Institute have de- 
scribed, in some detail, the effect of 
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thiomolybdate on the gut and on the 
skeleton,’ which, in growing animals, 
appears to be particularly vulnerable. 
Recently, Mason* has given a rather de- 
tailed account of thiomolybdate toxicity 
and its role as an enzyme inhibitor by 
interfering with copper and its compet- 
ing ligands. Indeed, thiomolybdate tox- 
icity has also been reported in man’ 
when two cases of pancytopenia were 
recorded in patients with Wilson's dis- 
ease after relatively brief exposure to 
the compound. While I believe that this 
compound does have a real role to play 
in the management of Wilson’s disease 
(and possibly also Indian childhood cir- 
rhosis), it should be used with great care 
in youngsters in whom the epiphyses 
have not yet fused. 

My own experience is that an initial 
course of tetrathiomolybdate does not 
necessarily protect against the initial 
phase of deterioration of neurological 
signs that is found in about 25% of pa- 
tients with Wilson’s disease who are 
treated with chelating agents. 

J. M. WALSHE, SCD 
Department of Neurology 
The Middlesex Hospital 
London, W1N 8AA 
United Kingdom 
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In Reply.-We wish to respond to the 
letter by Walshe, who made important 
contributions to the therapy of Wilson’s 
disease 35 and 22 years ago, with the 
introduction of penicillamine and trien, 
respectively, in peer-reviewed journal 
articles.” In response to our recent arti- 
cle? on the use of ammonium tetrathio- 
molybdate (TM) for the initial treat- 
ment of neurologically ill patients with 
Wilson’s disease published in the AR- 
CHIVES, Walshe complains about a num- 
ber of areas. 

First, Walshe will be pleased to know 
that we were not “unaware” of the liter- 
ature that he mentions, but felt that it 
was not sufficiently relevant to the topic 
of our article to be included in the refer- 
ence list. Four references on the previ- 
ous knowledge of the anticopper effect 
of TM were given (references 6 through z 
9,° dating back to 1981). We note that 
the interesting history of how TM came 
to be known as an anticopper agent in- 
cludes many workers and publications 
never cited by Walshe in any of his pub- 
lications in which he mentions the anti- 
copper effects of TM. 

We were also not unaware of either of 
Walshe’s articles*’ in which he mentions 
the use of TM, but these casual mention- 
ings deal with anecdotal accounts of oc- 
casional maintenance therapy, appar- 
ently in a total of three patients, in a 
setting of intolerance to other drugs. 
Thus, they do not appear to us to be very 
relevant to the subject of our article that 
deals with initial treatment and quick 
control of copper toxicity to obviate they 
neurological worsening so common 
when penicillamine is used for initial 
treatment.’ Further, these non—peer- 
reviewed articles** do not provide data 
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on key issues of efficacy and safety. For 
example, how did Walshe decide on the 
proper dose of TM to control copper 
accumulation during maintenance ther- 
apy, without putting these three pa- 
tients at clinical risk?“ In our opinion, 
the copper assays described are not suf- 
ficient for efficacy evaluation. We go to 
great care to determine efficacy end 
points, even for short periods of use of 
TM. We have found that TM can become 
inactive if not stored properly. What 
was the source of Walshe’s TM, how 
often was a patients supply renewed, 
and what was the drug’s stability during 
the study? These are but a sample of the 
questions raised by his reports, in try- 
ing to determine if a proper and safe 
therapeutic trial was actually carried 
out. 

In his letter, Walshe refers to a pa- 
tient who was “intolerant” of zine, 
among other drugs. What Walshe prob- 
ably means is that the patient was intol- 
erant of zine sulfate, a salt he continues 
to use, and to pan,*” because it irritates 
his patients’ stomachs, despite our 8 
years of reporting (12 studies), on the 
importance of using a milder zinc salt, 
such as the acetate. Another area about 
which Walshe is concerned is the poten- 
tial toxicity of TM. He mentions a num- 
ber of toxic effects of TM observed in 
animals. However, Walshe appears to 
be unaware of the data indicating that 
all of these toxic effects are due to cop- 
per deficiency!’ Almost all can be repro- 
duced by dietary copper deprivation, 
and their production by TM can all be 
prevented by copper supplementation. 
Of course, the patient with Wilson’s dis- 
ease has the ultimate protection against 
toxicity from copper deficiency. 

There is one putative TM toxic effect 
that is less well established, and that is 

Y the apparent reversible bone marrow 
depression in two patients reported by 
Walshe.* We have had difficulty inter- 
preting this report because of a lack of 
information about the source of the TM 
and the care used to make sure it was 
uncontaminated. Walshe apparently 
sometimes prepares his own drugs, and 
in the case of a batch of trien that he 
“purified” himself, he early reported 
two cases of renal tubular necrosis at- 
tributed to trien,” later found to be prob- 
ably due to piperazine contaminants re- 
maining after the “purification” 
process. In our case, we have taken 
great care to assure a highly purified 
TM preparation. In view of the lack of 
similar toxic effects reported in a large 

4 Variety of animal studies, and in view of 
our own work in humans without a hint 
of bone marrow depression, we view the 
effect reported by Walshe as most likely 
due to artifact. 
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Last, Walshe comments that in his 
experience TM “does not necessarily 
protect against the initial phase of dete- 
rioration of neurological signs” found in 
“patients with Wilson’s disease who are 
treated with chelating agents.” The 
statement is entirely devoid of any sup- 
porting data. How many patients have 
been studied, what was the incidence of 
deterioration, what was the nature of 
the deterioration, and how carefully 
was it documented? Did the TM em- 
ployed for these patients consist of ac- 
tive drug, or did it become inactive be- 
cause of improper storage? If Walshe 
has actual data from a carefully con- 
structed and carried out clinical trial, 
and would care to publish it in a peer- 
reviewed journal, we would be able to 
take his views about the initial use of 
TM more seriously. 

We hope that the above exchange 
does not suggest that we have anything 
but admiration for the outstanding con- 
tributions to Wilsons disease that 
Walshe has made, leading to the surviv- 
al of a whole generation of patients. But 
penicillamine maims in some as it helps 
in others. Perhaps a little more sensitiv- 
ity to this problem by those who have 
had several decades of experience with 
penicillamine would have led to better 
initial approaches to therapy than the 
full-dose, blast-away-the-copper use of 
penicillamine, and thus also preserved 
better neurological function in a genera- 
tion of patients. 

GEORGE J. BREWER, MD 
Department of Human Genetics 
University of Michigan 
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Testosterone, Free Testosterone, Non- 
Sex Hormone-Binding Globulin-Bound 
Testosterone, and Free Androgen In- 
dex: Which Testosterone Measurement 
Is Most Relevant to Reproductive and 
Sexual Function in Men With Epilepsy? 


To the Editor.—I would like to bring 
attention to an article by Isojärvi et al’ 
in which they report three separate 
measures of serum testosterone in anti- 
convulsant-treated men with epilepsy. 
The authors show how the use of a par- 
ticular medication or combination of 
medications can be associated with ele- 
vated total testosterone, yet normal 
free testosterone and low free androgen 
index values. Their elegant data high- 
light an important issue. Namely, if an- 
drogen deficiency contributes to repro- 
ductive and sexual dysfunction in men 
with epilepsy,’ which testosterone 
measurement is most relevant? 

Reproductive dysfunction and hypo- 
sexuality are unusually common among 
men with epilepsy.” Their cause is like- 
ly multifactorial, including psychoso- 
cial, epileptic, medicational, and hor- 
monal factors." Because androgens are 
considered to play an important role in 
the regulation of potency and libido," 
measurement of their serum levels is a 
regular part of the medical evaluation. 
The most important androgen is testos- 
terone. Testosterone exists in the se- 
rum in three forms: free, albumin 
bound, and sex hormone-binding globu- 
lin (SHBG) bound.” Only about 2% oc- 
curs in the free form, while 43% to 45% 
is bound to SHBG and 53% to 55% is 
bound to albumin.” There is general 
agreement that the SHBG-bound frac- 
tion is not biologically active.’™’ Consid- 
erable evidence exists, however, that 
the large pool of testosterone that is 
loosely bound to albumin is available to 
tissues.” Measures of non-SHBG- 
bound testosterone, rather than free 
testosterone, therefore, may provide a 
more sensitive assessment of biological- 
ly and, perhaps, clinically significant an- 
drogen levels. 

Several antiseizure medications in- 
duce the hepatic synthesis of increased 
amounts of SHBG,'**’* sometimes re- 
sulting in normal or even elevated levels 
of total testosterone, yet reduced con- 
centrations of free and/or non-SHBG- 
bound testosterone.'**"* Leiderman et 
al“ did not find a correlation between 
levels of sexual interest and total serum 
testosterone concentrations among 16 
men with temporolimbiec epilepsy. 
Toone et al,” however, had earlier dem- 
onstrated hyposexuality correlated 
with lower levels of free, rather than of 
total, testosterone. Isojarvi et al’ have 
shown that the free androgen index, one 
indicator of the non-SHBG-bound por- 
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tion of testosterone, may be low even 
when free testosterone levels are nor- 
mal. The clinical significance of this find- 
ing is not known. Herzog et al,’ how- 
ever, measured abnormally low non- 
SHBG-bound testosterone levels in five 
of 11 epileptic men with diminished sex- 
ual interest or reduced potency. It 
should be noted that non-SHBG-bound 
testosterone, in that report, is identi- 
fied as free testosterone, because the 
currently used nomenclature had not 
yet been firmly established. Herzog et 
al,” moreover, have observed in anoth- 
er investigation that, among 13 men 
with epilepsy, those who were classified 
as sexually normal had an almost two- 
fold higher average non-SHBG-bound 
testosterone value than did those with 
reproductive or sexual dysfunction (2.4 
vs 1.4ng/mL). Nevertheless, only three 
of eight hyposexual men had levels be- 
low the normal control range and the 
average values of both groups were nor- 
mal. Only one total testosterone value 
was below the normal control range, 
and the average total testosterone val- 
ues were not nearly as disparate (4.8 vs 
4.0 ng/mL) between the sexually unaf- 
fected and affected groups, respective- 
ly. Free testosterone levels were not 
determined. The demonstration by Iso- 
jarvi et al’ that the free androgen index 
may be low when free testosterone lev- 
els are normal and the observations by 
Herzog et al” that non-SHBG-bound 
testosterone may relate to the level of 
sexual activity suggest a need for the 
assessment and comparison of all three 
measures of testosterone in terms of 
their relationship to reproductive and 
sexual dysfunction. Moreover, recent 
evidence of elevated serum estradiol 
levels in some medicated men with epi- 
lepsy” and the known antiandrogenic 
effects of estrogen on reproductive 
function and sexual behavior may sug- 
gest a more complicated hormonal rela- 
tionship than previously anticipated. 
ANDREW G. HERZOG, MD, MS 
LINDA A. LEVESQUE 
Neuroendocrine Unit 
Beth Israel Hospital 
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In Reply.—In his letter, Herzog brings 
attention to the question about the most 
relevant testosterone measurement 


with regard to reproductive and sexual 
function in men with epilepsy. The ques- 
tion is important. It is well known that 
men with epilepsy suffer from repro- 
ductive dysfunction and hyposexuality 
more often than the average population 
of similar age.’* Both epilepsy per se 
and the antiseizure medications have 
been attributed as etiologic factors.” 

It seems clear that antiseizure medi- 
cations are associated with the develop- 
ment of hyposexuality in patients with 
epilepsy. Impotence or decreased libido 
were found in 11% to 22% of patients 
with epilepsy after starting single-drug 
treatment with carbamazepine, pheny- 
toin, phenobarbital, or primidone, sug- 
gesting a drug-induced hyposexuality.” 

Since androgens take part in the reg- 
ulation of potency and libido, testoster- 
one as the most important androgen is a 
natural object to measure when evalu- 
ating the hormonal setting in male pa- 
tients with epilepsy. But which testos- 
terone measurement is the most 
relevant in this group of patients? 

It has been shown that antiepileptic 
medications inducing the microsomal 
enzyme system in the liver are associat- 
ed with elevated levels of serum sex 
hormone-binding globulin (SHBG).*"* 
Furthermore, normal or elevated levels 
of serum total testosterone have been 
reported.*** According to recent data, 
it seems that serum SHBG levels are 
higher in patients treated with pheny- 
toin than in patients treated with carba- 
mazepine.”"’ Moreover, slightly ele- 
vated serum total testosterone concen- 
trations seem to be associated with 
phenytoin medication," probably be- 
cause of the higher serum SHBG levels. 
Nevertheless, during both carbamaze- 
pine and phenytoin medications the cal- 
culated serum free androgen fraction 


(free androgen index), one indicator of Y 


the non-SHBG-bound portion of testos- 
terone,*"*” is low. However, serum free 
testosterone (when measured by an an- 
alog radioimmunoassay method) re- 
mains normal in patients receiving car- 
bamazepine and/or phenytoin.*""” 
Serum SHBG levels seem to be elevat- 
ed, total testosterone concentrations 
unchanged, and calculated free fraction 
of serum testosterone low or normal in 
male epileptic patients receiving pheno- 
barbital monotherapy.’ Single-drug 
therapy with valproate is not associated 
with high serum SHBG levels or 
changes in serum androgens." 
Prospective data are scanty.” The 
prospective data confirm that serum 
SHBG levels increase during carbama- 
zepine medication, and the levels get 
more elevated throughout the first year 
of medication. ®™?" Moreover, the levels 
appear to be even higher after a few 
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years’ medication.“ However, serum 
total testosterone concentrations do not 
change." The free androgen index 
values decrease, but the measured se- 
rum free testosterone levels remain un- 
changed.” None of the patients in the 
prospective study™? complained of sex- 
ual dysfunction during the first year of 
carbamazepine medication, although 
the free androgen index fell below the 
normal range in 30% of the patients.” 
The patients suffered from recently di- 
agnosed adult-onset epilepsy, most of 
them remaining completely seizure free 
during medication. As for phenytoin, 
the only prospective study on serum an- 
drogens confirms the slight elevation of 
serum total testosterone during pheny- 
toin medication.” 

The clinical significance of the low 
free androgen index is still unknown. It 
is possible that low serum non-SHBG- 
bound testosterone leads to hyposexua- 
lity during a period longer than 1 year. 
We are at the moment finishing a study 
on male patients receiving long-term 
carbamazepine medication, and the pre- 
liminary data suggest this kind of rela- 
tionship between carbamazepine medi- 
cation, low free androgen index values, 
and hyposexuality. However, mea- 
sured serum free testosterone levels, do 
not seem to correlate with hyposexua- 
lity. Previous data on the clinical corre- 
lations between serum androgen levels 
and hyposexuality in male patients with 
epilepsy were mostly gained from stud- 
ies on patients with two or more anti- 
convulsant drugs. The results of these 
studies favor the view that the amount 
of free fractions of testosterone, rather 
than serum total testosterone, would be 
significant in this respect. 

It is interesting that different antisei- 
zure medications have diverse effects 
on serum sex hormones; preliminary 
data suggest that valproate as an anti- 
convulsant drug with no liver enzy- 
me-inducing properties” has no effects 
on serum androgen levels in male pa- 
tients with epilepsy.*" Furthermore, 
anticonvulsant drugs have effects on 
other hormones as well, ie, on serum 
estradiol, gonadotropin, and thyroid 
hormone levels,**"*"*” thus making 
the picture of antiseizure medications, 
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hormonal changes, and hyposexuality 
more complicated. The fact that epilep- 
sy per se, especially temporal lobe epi- 
lepsy with recurrent seizures, seems to 
be associated with reproductive dys- 
function and hyposexuality*” makes the 
assessment of the hormonal setting in 
male patients with epilepsy even more 
complex. 

Carbamazepine and phenytoin cause 
clear changes in the serum androgen 
balance, ie, serum SHBG levels in- 
crease and free androgen index values 
decrease. However, serum total or free 
testosterone concentrations do not di- 
minish. Therefore, at the moment, eval- 
uating the non-SHBG-bound fraction of 
serum testosterone, rather than mea- 
suring total or free testosterone, seems 
to be the most adequate method for as- 
sessing serum androgens in men with 
epilepsy. However, more prospective 
studies with previously untreated pa- 
tients are needed to solve the proper 
parameters for evaluating serum andro- 
gens and their significance with regard 
to the development of hyposexuality in 
male patients with epilepsy. There is an 
obvious need for identifying the most 
relevant testosterone measurement. 
The fact that different anticonvulsant 
drugs have diverse effects on the serum 
androgen balance should be given closer 
attention in the future and should be 
taken into consideration more carefully 
when antiseizure medication is pre- 
scribed for men with epilepsy. 

Jouko I. T. ISOJÄRVI, MD, PHD 
Department of Neurology 


University of Oulu 
SF-90220 Oulu, Finland 
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Original Contributions 


Three-dimensional In Vivo Mapping 
of Brain Lesions in Humans 


| 
Hanna Damasio, MD, Randall Frank 


© We describe a multistep technique for 
three-dimensional reconstruction and analy- 
sis of brain lesions in vivo, based on the 
manipulation of magnetic resonance raw 
data obtained with a special protocol. The 
technique permits the direct visual identifi- 
cation of neuroanatomical landmarks in each 
brain specimen and eliminates the need to 
rely on averaged templates of human brain 
sections, which can be a source of lesion 
localization error. The technique also allows 
for the bidirectional cross-reference be- 
tween data points in two-dimensional slices 
andin volume reconstruction and for the pro- 
jection of subcortical structures onto the 
three-dimensional cortical surface. The 
three-dimensional lesion mapping tech- 
nique can be applied to research with the 
lesion method in both human and nonhuman 
primates, to the planning of neurosurgical 
lesion approach, and to the teaching of 
neuroanatomy. 

(Arch Neurol. 1992;49:137-1 43) 


Ove the past decade, the study of 

humans with brain lesions has 
again become one of the principal means 
to elucidate the neural basis of cogni- 
tion. Along with important theoretical 
developments and with the refinement 
of experimental neuropsychologic tech- 
niques, the renaissance of the lesion 
method has depended on the advent of 
neuroimaging technologies such as 
roentgenographic computed tomogra- 
phy (CT) and magnetic resonance (MR) 
that can capture brain structures in 
vivo. In turn, it is apparent that the 
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continued progress of the lesion method 
depends on the availability of tech- 
niques to (1) enhance the resolution of 
imaged anatomical structures and (2) 
map the exact spatial placement of le- 
sions within a specific anatomical sys- 
tem. In this article, we describe a new 
technique of lesion mapping and analy- 
sis based on the three-dimensional (3-D) 
brain reconstruction of individual 
brains. The new technique is entirely 
noninvasive, permits the visual identifi- 
cation of key anatomical landmarks in 
each brain specimen under scrutiny, 
and allows for a variety of secondary 
anatomical analyses, both qualitative 
and quantitative. It virtually super- 
sedes the template technique and thus 
eliminates individual anatomical varia- 
tion as a source of localization error. The 
new technique has an obvious research 
application in humans and in nonhuman 
primates, where successive levels of 
analysis will yield an even greater 
amount of information than the regular 
postmortem inspection and cutting of a 
brain specimen. It can also be used for 
planning the neurosurgical approach to 
lesions in obscure loci and for teaching of 
neuroanatomy. 


THE TEMPLATE TECHNIQUE AND 
ITS LIMITATIONS 


For the past 15 years, lesion localiza- 
tion from CT and MR images has relied 
on the template technique." In our own 
version, the template technique entails 
the following steps: (1) choice of a tem- 
plate set appropriate for the images, by 
determining the angle of incidence in 
which CT/MR were obtained; (2) trans- 
fer of the lesion contour from CT/MR to 
the best fitting templates, by x/y plot- 
ting; and (3) reading of the lesion loca- 
tion within a grid in which regions of 
interest are marked. 

This technique has been validated by 
comparing its localization results with 


those of direct analysis at postmortem 
(see for instance Figs 2.9 and 3.12 in 
Damasio and Damasio’). The technique 
yields correct readouts for the fairly 
large regions of interest depicted in our 
grids (see Fig A.29, in Damasio and Da- 
masio’). However, it does not permit 
the reliable identification of many im- 
portant sulci. As an example, a major 
landmark such as the central sulcus is 
difficult to identify with certainty. It 
also cannot be used to accurately local- 
ize smaller subdivisions within the cur- 
rently utilized grids. These limitations 
stem from several shortcomings. First, 
the template technique requires a men- 
tal manipulation of many two-dimen- 
sional (2-D) sections, and, because the 
sections are sequential but discontinu- 
ous, it also requires a mental interpola- 
tion of missing data points. Second, the 
visuospatial abilities, the neuroanato- 
mical knowledge, and the accumulated 
experience of the operator are impor- 
tant factors in the quality of the results. 
Third, and perhaps most important, re- 
gardless of operator prowess, the tech- 
nique requires a transfer of the lesion 
from each individual brain specimen 
into a set of “standard” brain templates 
whose contours represent the “aver- 
age” brain section at that particular lev- 
el and incidence. Because human brains 
have remarkable similarities, but no 
less remarkable individual differences, 
the use of idealized brains constitutes an 
obvious source of error, Here, we de- 
scribe a new technique designed to elim- 
inate these shortcomings. 


THE NEW TECHNIQUE 


The new technique is based on (1) 
obtaining raw MR data witha particular 
protocol in which type of pulse sequence 
and thickness of cut play an important 
role; (2) a program to generate 3-D re- 
construction out of 2-D data; and (3) 
several programs to permit manipula- 
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Fig 2.—Views of the right (A) and left (B) 
coronal magnetic resonance slices with a thickness of 1.7 mm, 


tion and cross-reference of 3-D and 2-D 
data sets. The technique entails both 
automated and interactive steps, which 
are described below. 

1. Athin-cut MR scan is obtained with 
T -weighted pulse sequence. One of two 
options can be used: (1) a2-D acquisition 
with coronal slices, 3 mm thick, and a 
l-interslice gap, with the following pa- 
rameters: TR-600, TE-20, matrix 
225 x 192, and two excitations; or (2) a 
volume acquisition with contiguous cor- 
onal slices 1.5 to 3-mm thick and with 
the following parameters: TR-24, TE-5, 
a flip angle of 45° to 50°, and two excita- 
tions. (All the images used in this study 
were obtained in a 1.5-tesla supercon- 
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stem. 


hemispheres of subject RM-1500. The images represent the voxel reconstruction from 124 
obtained with a volume acquisition mode (T,-weighted). 


ductive scanner [General Electric, Mil- 
waukee, Wis].) These slices encompass 
the entire brain (a total of 42 to 46 slices 
for the 2-D acquisition, or 60 to 124 
slices for the volume acquisition). The 
total scanning time for the 2-D acquisi- 
tion is 12 minutes and 35 seconds. For 
the volume acquisition it is either 9 min- 
utes 50 seconds (for 60 slices) or 19 min- 
utes and 45 seconds (for 124 slices). 

2. The raw MR data are transferred 
to magnetic tape compatible with a com- 
puter workstation for subsequent data 
manipulation. 

3. Each MR cut is brought on-line on 
the workstation’s screen (in our labora- 
tory this is a 4D120 GTX Iris Worksta- 


Fig 1.—A 3-mm thick magnetic resonance slice (T,-weighted) obtained in 
a volume acquisition mode using a flip angle of 45°. The manual tracing 
of the hemispheres (red line on the left hemisphere, green line on the 
right) eliminates all nonbrain structures plus the cerebellum and the brain 





tion [Silicon Graphics, Mountain View, 
Calif}) and the contour of the brain is 
traced, so as to eliminate all nonbrain 
structures that cover the hemisphere 
(eg, meninges, blood vessels, or scalp), 
as well as any other structure not tar- 
geted by the desired analysis (in the 
case of our current research protocols, 
we eliminate brain stem and cerebellum 
[Fig 1)). 

4. After the tracing is concluded, the 
target structures are extracted from 
the raw slices by a special software de-4 
vice, Brainvox, which is a modification 
of an earlier program, previously devel- 
oped by one of us (R.F.) at the Imaging 
Analysis Facility, The University of 
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Iowa, Iowa City. The software projects 
the raw slice data into three dimensions, 
generating a voxel (or volume pixel) re- 
construction of the target structures 
(Fig 2). The voxel image is generated by 
assigning each pixel within the 3-D vol- 
ume a color or grayscale and an opacity 
value. The pixels are then projected 
back to front onto a 2-D image. Each 
pixel’s color or grayscale is individually 
added to the output image in proportion 
to its opacity value to generate the voxel 
image. 
5. After the hemispheres are recon- 
structed, voxel images can be generat- 
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ed following rotation over any coordi- 
nate axes. This permits visualization of 
the brain from any spatial perspective. 
All major gyri and sulci can be identified 
directly in the same way they would be 
identified at autopsy by turning the 
brain around in space, in one’s own 
hands (Fig 8). 

6. The image of the damaged cortical 
tissue can be clearly seen and its limits 
read in relation to the sulci and gyri of 
that particular brain using standard 
neuroanatomical knowledge (Fig 4). 

7. Once a particular sulcus is identi- 
fied, it can be marked with color-coded 


Fig 3.—Composite of eight different views (A 
through H) of the brain of subject FR-1465. B 
and D and A and C, Lateral and mesial views 
of, respectively, the left and right hemispheres. 
H shows a view of the brain from above, G 
shows it from below, E from the front, and F 
from the back. This brain was reconstructed 
from 124 magnetic resonance slices 1.5 mm 
thick (T,-weighted), obtained with a volume 
acquisition mode. In C, E, and G, note an area 
of surface damage in the mesial half of the right 
temporal pole, which also involves the very 
anterior sector of the parahippocampal gyrus. 


points in the rendered 3-D voxel image. 
The points marked on the voxel image 
are then projected into the raw slice 
data from which the image was generat- 
ed, by using the inverse of the projec- 
tion matrix used for the image generat- 
ed. This point probe, perpendicular to 
the 3-D voxel image, is mathematically 
passed progressively deeper into the 
slice data until a threshold value, mark- 
ing the surface of the brain, is reached. 
The coordinates of this intersection 
point are mapped back into the appro- 
priate points along the cortical surface 
in the 2-D coronal slices. Identical 
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marks are placed in the 2-D coronal im- 
ages by the program in real time and 
thus allows us to mark the levels of par- 
ticular coronal cuts onto the 3-D voxel 
image (Figs 5 and 6). 

The technique also permits reverse 
mapping. Points may be marked on 
structures in the 2-D coronal slices, and 
the program will dynamically map those 
points into the 3-D voxel image (Fig 6). 

8. The marks can be used as reference 
to define regions of interest, within 
which the boundaries of a lesion can be 
traced. This permits a calculation of the 
areal involvement within a region of in- 
terest. This calculation is made with the 
same package by computing the area 
intersection of the coplanar 2-D poly- 
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gons (voxel-guided traces) and multi- 
plying it by the slice thickness. 

9. The reconstructed brain volume 
can be resliced in any desired plane, 
thus revealing the anatomical struc- 
tures of the exposed section, in coronal, 
axial, parasagittal, or any oblique sec- 
tion desired. 


ADVANTAGES AND APPLICATIONS 
OF THE NEW TECHNIQUE 


The obvious advantage of this tech- 
nique is the direct visualization of each 
brain surface without the need to inter- 
pose an idealized brain. The cortical 
component of a lesion involving or spar- 
ing a particular gyrus or sulcus can be 
detected and described visually in each 


Fig 4.—Lateral (A) and superior (B) views of 
the left hemisphere of subject BH-1309, recon- 
structed from 60 coronal magnetic resonance 
slices (3 mm thick) obtained with a volume 
acquisition mode. Note the dramatic visualiza- 
tion of the lesion in the superior half of the 
inferior parietal lobule. Both the angular and the 
supramarginal gyri are involved. Note also an- 
other smaller lesion located in the superior half 
of the precentral gyrus. C shows original cor- 
onal magnetic resonance images showing a 
two-foci lesion in the left hemisphere. From 
these images, it would not have been possible 
to recognize with certainty that the anterior 
focus involves precentral gyrus only. 


brain, in much the same way that is 
traditionally used in a postmortem 
study. The unavoidable individual vari- 
ation among different brains is thus 
eliminated as a source of localization 
error. 

Preoperative Planning of Lesion Approach 


A major application of this technique 
is in neurosurgery, to assist with deci- 
sions on operability and with preoper- 
ative planning of the approach to a par- 
ticular lesion. For instance, the young 
patient whose scan is depicted in Fig 6, 
had a potentially operable venous mal- 
formation near the hand representation 
of the motor cortex. Damage to this cor- 
tex results in paralysis. It was impor- 
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Fig 5.—Views of the brain of subject FR-1465, obtained in 1.5-mm thick cuts with volume acquisition mode. A, the left 
hemisphere with the sylvian fissure and the central sulcus marked in pink and green, respectively.B, Coronal cut showing the 
points of intersection with the above mentioned sulci, both in the right and left hemispheres (the right hemisphere sulci were 
traced in two shades of blue). C, Bilateral mesial view of the same brain with the calcarine fissure and the parieto-occipital 
sulcus marked in red and yellow, respectively. D, Three coronal cuts showing the markings corresponding to the sulci 
mentioned in C. The outer surface of the cuts seen in B and D was traced in black, and these traces automatically transferred to 
the image shown in A. 
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Fig 6.—A, Right hemisphere of subject MH-1553, based on the voxel reconstruction of 60 coronal magnetic resonance slices 
(T,-weighted), obtained with a volume acquisition mode. Each slice was 3 mm thick, and there was no interslice gap. The central 
sulcus is marked in red and the precentral sulcus in yellow. The white lines are the projection of the lesion seen in B onto the 
surface of the right hemisphere. B, Four of the coronal cuts used in the reconstruction of A. Note the red and yellow dots that 
identify the central and precentral sulci. These dots were automatically transferred onto these cuts when the sulci were traced 
on the image of the right hemisphere seen in A. The limits of the subcortical lesion (a venous malformation) were traced in white 
on the coronal slices, and the tracing was automatically transferred to the image of the reconstructed brain and projected on its 
surface. This procedure permitted the precise localization of the subcortical lesion relative to critical motor structures such as the 
motor area (area 4). The analysis revealed the malformation to be in the depth of the precentral gyrus. Knowledge of the precise 
spatial location of the lesion was critical in the assessment of the risks of an intervention (damage to motor cortex concerned 


with control of hand movements, or damage to its projection fibers in the pyramidal tract). 





tant for the neurosurgeon to know pre- 
cisely where the lesion was to reduce 
the risks of damage to the motor cortex 
and to its connections. However, even 
the most attentive and expert visual in- 
spection of a regular MR fails to yield 
the required information with preci- 
sion. The new technique, on the con- 
trary, allowed an exact localization of 
the malformation. The projection of the 
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lesion onto the cortical surface is seen in 
Fig 6; the white outline marks its 
boundary. 


Study of Cerebral Asymmetries 


Just as the two hemispheres can be 
traced and reconstructed separately, so 
can other brain structures be isolated. 
For instance, the temporal lobes can be 


Fig 7.—Right hemisphere of subject BH-1309, showing the tracing of the 
right sylvian fissure in yellow. The left sylvian fissure was previously 
traced in red and then reprojected onto the right hemisphere allowing a 
direct inspection of the asymmetry of these two sulci. 


separated from the occipital and pari- 
etal lobes by cutting at the far end of the 
sylvian fissure and exposing the superi- 
or temporal surfaces. The transverse 
gyri of Heschl and the planum tempor- 
ale immediately behind it can then be, 
identified. The areal surface of the 
planum can be determined from its plan- 
ification and a comparison of left and 
right plana can be undertaken. This 
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Fig 8.—A and B, Left and right hemispheres of subject JM-858, showing 
the tracing of the sylvian fissures (green and red, respectively). From the 
posterior end of the sylvian fissure, a black line was traced to show the 
plane of section through the hemisphere. C, Result of the “unroofing” of 
the temporal lobes as shown in A and B. The view is from above and the 
temporal poles are on top. The image shows the view of the planum 
temporale (PT) on both sides (the planum is the sector of the superior 
temporal gyrus located behind the transverse gyri of Heschl). The 
planum is clearly visible, and its anterior limit is marked in red (right 
hemisphere) and green (left hemisphere). The black line delimits the 


might be the ideal way to follow up on 
the original description of planar asym- 
metry in postmortem specimens by 
Geschwind and Levitsky‘ (Figs 7 and 8). 
The same applies to left/right compari- 
sons of areas such as the frontal opercu- 
lum (Broca’s area), the supramarginal 
gyrus, and the calearine region. 


Positron-Emission Tomography Imaging 


We are applying this technique to 
positron emission tomography re- 
« Search. The new technique can provide 
ameans for more precise and individual- 
ized anatomical localization of regions in 
which radiosignal is increased or 
decreased. 
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Lesion Studies in Nonhuman Primates 


We also envision the use of this tech- 
nique in lesion studies with nonhuman 
primates. The technique would offer 
presurgical visualization of target ar- 
eas, and it would also allow definition of 
lesions without killing the animal. 


Histologic Studies 


The technique could also be applied to 
the 3-D reconstruction of histologic sec- 
tions from human and nonhuman brain 
tissue. For instance, it would be possi- 
ble to visualize the 3-D spatial relations 
of neurons, or clusters of neurons, or the 
3-D spatial trajectory of axons. 


Superior surface of the superior temporal gyrus. Note that the planum is 
significantly larger in the left hemisphere. A comparison with the original 
drawing from Geschwind and Levitsky (reproduced with permission) in 
D shows that this technique reveals anatomical information that, until 
now, was only available from postmortem studies. TP indicates temporal 
pole; OP, occipital pole; SI, sulcus intermedius of Beck: SH, sulcus of 
Heschl; TG, transverse gyrus of Heschl; TG1 and TG2, the two right 
hemisphere transverse gyri of Heschl, respectively; PT, planum tempor- 
ale; PM, posterior margin; and x and y, anterior and posterior demarca- 
tions, respectively, of left planum temporale. 
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Institute of Neurological Disorders and Stroke 
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Supplementary and Primary Sensory Motor 
Area Activity in Parkinson’s Disease 


Regional Cerebral Blood Flow Changes During 
Finger Movements and Effects of Apomorphine 
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Jean-Louis Montastruc, MD, PhD; Jean-Pierre Mare-Vergnes, MD, PhD; André Rascol, MD 


è We have measured with single-photon 
emission tomography the regional cerebral 
blood flow changes that occurred in the sup- 
plementary motor areas and in the primary 
sensory motor areas during sequential fin- 
ger-to-thumb opposition movements of the 
right hand in seven akinetic patients with 
Parkinson’s disease and in nine normal vol- 
unteers. Parkinsonian patients were studied 
before (“off” condition) and after a subcuta- 
neous injection of apomorphine hydrochlo- 
ride which was able to switch them “on” (on 
condition). In normal volunteers and parkin- 
sonian patients in the on condition, regional 
cerebral blood flow significantly increased in 
the supplementary motor areas and in the 
contralateral primary sensory motor cortex 
but notin the ipsilateral primary sensory mo- 
tor cortex. On the contrary, no significant 
regional cerebral blood flow change was ob- 
served in these areas in parkinsonian pa- 
tients in the off condition. These results sup- 
port the hypothesis that a functional cortical 
motor area deafferentation is involved in the 
pathophysiological makeup of akinesia and 
that this abnormality is reversed by dopa- 
minergic drugs. 

(Arch Neurol. 1992;49:144-148) 


ASiesia represents the most charac- 
teristic motor deficit in Parkinson's 
disease (PD). The pathophysiological 
nature of akinesia is poorly understood, 
but the study of this symptom “probably 
gives the best clue as to what goes 
wrong with basal ganglia in that condi- 
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tion.” Clinical and electrophysiological 
approaches have demonstrated that 
simple single movements are slow in PD 
and that extra difficulties are observed 
in the execution of complex simulta- 
neous and sequential motor acts.”* It 
has been hypothesized that some as- 
pects of the abnormal motor perfor- 
mance in PD result from impaired func- 
tion of the supplementary motor area 
(SMA). In fact, the output of the basal 
ganglia is directed mainly to the SMA of 
the frontal cortex.” Moreover, the Ber- 
eitschaftspotential (which may reflect 
activity of the SMA in man’) has been 
reported by some,” although not all,” 
authors to be abnormally small in PD. 
Finally, the similarity of the motor de- 
fects observed in patients with PD and 
in patients with infarction of the SMA 
also suggests that the abnormality of 
motor programming in PD is related toa 
functional deafferentation of the SMA.” 

In humans, it is possible to map the 
active brain areas involved in voluntary 
movements by measuring regional cere- 
bral blood flow (CBF) using nonto- 
mographic xenon 133  technique,*” 
single-photon emission tomography 
(SPECT),” and, more recently, posi- 
tron emission tomography.”” These 
studies underline the physiological role 
of the contralateral primary sensorimo- 
tor (S,/M,) area in the execution of a 
movement of the hand and support the 
role of the SMA in the organization or 
planning of complex serial and sequen- 
tial hand movements. This approach has 
also been successfully applied to study 
pathological conditions such as essential 
tremor” and motor recovery after 
stroke in humans.” The present work 
was conducted to study the rCBF 
changes that occur in several cerebral 
motor areas (namely, the S,/M,, SMA, 
and basal ganglia) during finger move- 
ments in akinetic patients with PD in 
the “off” (ie, derived of their antiparkin- 
sonian treatment) and in the “on” (ie, 


after subcutaneous injection of apomor- 
phine) conditions. 


SUBJECTS AND METHODS 


Seven right-handed patients with PD (five 
men, two women; mean age, 59+8 years) 
entered this study. All met the United King- 
dom Parkinson's Disease Society Brain Bank 
clinical diagnostic criteria for idiopathic PD” 
(except tremor). All patients were studied 
after all antiparkinsonian drugs were with- 
held for at least 24 hours to allow the reap- 
pearance of the parkinsonian symptoms (off 
condition). In the off condition, the mean 
(+SD) Hoehn and Yahr™ stage was 2.9+0.9 
and the mean score of the global motor ex- 
amination of the Unified Parkinson’s Disease 
Rating Scale (version 2)” was 27+13. The 
mean duration of PD was 7+5 years. All 
patients suffered from an akinetic rigid syn- 
drome with no significant tremor and no 
mental deterioration (six bilateral and one 
unilateral syndrome). They were selected for 
the akinetic impairment in the movements of 
their right hand, for their interest in partici- 
pating in such a protocol, and for good coop- 
eration. All patients had normal motor 
evoked potentials (abductor pollicis brevis 


was tested after magnetic stimulation [Cad- +7 


well MS 10] at the cortical and cervical [C7] 
levels). All patients had a clear positive re- 
sponse to dopaminergic treatments: six pa- 
tients were treated long-term by levodopa 
(mean dose, 817 +538 mg/d for a mean dura- 
tion of 6+5 years). Three of these six pa- 
tients were also treated by bromocriptine 
mesilate (60 mg/d). The seventh patient, who 
was not treated by antiparkinsonian drugs, 
clearly showed improvement by acute chal- 
lenges of levodopa and subcutaneous apo- 
morphine hydrochloride (Laboratoires 
Aguettant, Lyon, France). All patients were 
pretreated by oral domperidone (60 to 
90 mg/d for at least 3 days) and had a positive 
response to the subcutaneous apomorphine 
test. 

The effective individual dose of subcutane- 
ous apomorphine needed to turn each patient 
on was assessed in the days preceding the 
study. Patients with significant abnormal in- t 
voluntary movements in the on condition and 
synkinetic movements of the opposite limb 
during the right-hand movements were ex- 
cluded from the study. 
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The seven patients with PD were com- 
pared with nine normal male volunteers 
(mean age, 40+9 years). None of these nor- 
mal subjects had any history of neurological 
disease. None of them received any treat- 
ment. Informed consent was obtained from 
all patients and normal subjects. The project 
was approved by the local ethics committee. 


Paradigm Design 


Three rCBF measurements were obtained 
the same day in each patient with PD: one 
during the movements of the right hand in 
the off condition, one during the movements 
of the same hand in the on condition (after 
subcutaneous apomorphine), and one in the 
resting condition. Normal subjects were 
scanned two times in the same day: one time 
during the movements of the fingers of the 
right hand and the other at rest. The interval 
between rCBF measurements was 60 
minutes. 

All subjects (normal subjects and patients 
with PD) were pretrained for executing the 
same motor task of the right hand (M task). 
The M task consisted of sequential finger-to- 
thumb opposition movements that were not 
forceful but brisk and precise with the tip of 
the thumb touching each finger in turn for 
4 minutes.” All subjects were taught to try to 
maintain a rate of opposition of 1 Hz. The rate 
of oppositions was internally generated with- 
out visual or auditory cue. It was expected 
and anticipated that the akinetic patients 
with PD would have difficulties to execute 
the M task. A videotape of the movements of 
the fingers was therefore recorded during 
each M task to quantify and compare the 
performances of the subjects retrospective- 
ly. Videotape sessions were analyzed in a 
blind way by a physician not involved in the 
study. Two measures were used to assess the 
M task in a quantitative way: the number of 
finger-to-thumb oppositions and the ampli- 
tude of the fingers’ movements, which was 
assessed according to a 0 to 3 scale (0, no 
amplitude; 3, normal amplitude). The M task 
and the resting states were balanced for visu- 
al and auditory stimuli. The resting state was 
performed in a sensory deprivation condi- 
tion. The motor condition preceded the rest 
condition. 


rCBF Measurement 


Regional cerebral blood flow was assessed 
using a SPECT (Tomomatic 64, Medimatie, 
Copenhagen, Denmark) and intravenous in- 
jection of “Xe (2220 MBq).™ Data were col- 
lected from three transverse slices simulta- 
neously, each 2 cm thick, parallel, and 
centered at 0, 4, and 8 em above the cantho- 
meatal plane, respectively. This distance 
was selected according to the results of pre- 
liminary tomographic data obtained from a 
normal volunteer with technetium Te 99m 
hexamethyl-propylene amine oxime (HM- 
PAO) as a tracer. The long duration of fixa- 
tion and the good spatial resolution of techne- 
tium Te 99m HM-PAO helped to establish the 
best position the head needed to be in to show 


™ the motor cerebral areas that we intended to 


study with our tomograph. This position per- 
mitted us to study properly in slices 2 and 3 
the two S,/M, areas, the SMA, and the basal 
ganglia. Unfortunately, in this position of the 
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Fig 1.—Schematic representation of the seven motor regions of interest (ROIs) delineated in slice 2 
(orbitomeatal+4) and 3 (orbitomeatal +8) to measure regional cerebral blood flow changes in 
Corresponding selected motor areas. In slice 2, two symmetrical ROIs (18 pixels) corresponded to 
the two caudate-putamen (C/P) regions and two other symmetrical ROIs (9 pixels) corresponded to 
the two thalamic areas (Thal). In slice 3, a medial anterior RO! (12 pixels) corresponded to the two 
supplementary motor areas (SMA) and two lateral symmetrical ROIs (16 pixels) corresponded to 


the two primary sensorimotor areas (S,/M,). 


head and with the three-slice tomograph, it 
was not possible to study other motor areas 
simultaneously. The in-plane resolution was 
1.7 cm. 

During the 4-minute data collection, the 
patients were lying in a quiet environment, 
eyes closed. Their right arm was leaning 
against a fixed support, and only their fin- 
gers were moving during the M task. Data 
acquisition started 10 seconds after the be- 
ginning of the M task. The subject’s head was 
carefully positioned in the appropriate orien- 
tation according to graduated external mark- 
ers. Marks were also drawn on the skin of the 
subject's face, and a photograph of the head 
and of these different marks was used to 
readjust the head’s position from one scan to 
the other to reduce intraindividual varia- 
tions. The Paco, was continuously recorded 
using a cutaneous electrode and a Paco, mon- 
itor (Kontron 634, Kontron, Basel, Switzer- 
land).* A small blood sample was withdrawn 
for hematocrit determination. Blood pres- 
sure and heart rate were measured before 
and after each data acquisition. Regional ce- 
rebral blood flow was calculated using a 
method described previously by one of us 
(P.C.)." The rCBF data were transferred 
and stored in a microcomputer (Microvax 2, 
Digital Equipment Corporation, Maynard, 
Mass). Reconstructed images of rCBF were 
then processed in a microcomputer (MacIn- 
tosh II, Apple, Cupertino, Calif). Hemi- 
spheric flow was determined in slices 2 and 3. 

With respect to the spatial resolution of 
our tomographic system, it was not possible 
to perform group analysis on a pixel-by-pixel 
basis. For this reason, we chose to analyze 
the results using regions of interest (ROIs) 
containing several contiguous pixels. We 
must admit that, because of the spatial reso- 
lution of the tomograph, the values in such 
ROIs may represent the partial value of the 


specified anatomical regions. We determined 
(according to visual analysis of the images of 
the tomographic slices, known functional 
anatomy of the motor system, and data of an 
anatomical stereotaxic atlas”) the features of 
seven ROIs (size, shape, number of pixels, 
topography). Once these features had been 
determined, they were registered in the 
MacIntosh II microcomputer for image 
treatment. The different ROIs were then 
superimposed on each of the corresponding 
rCBF slices. This method of image analysis 
allowed us to compare ROIs with the same 
size, topography, shape, and number of pix- 
els in every subject. 

The ROI features can be described as fol- 
lows (Fig 1). In slice 3 (orbitomeatal + 8), we 
determined three ROIs. The outer contour of 
the brain was delimited by thresholding. A 
medial rectangular ROI corresponding to the 
SMA, centered ona vertical interhemispher- 
ic axis, and located 2 cm behind the anterior 
edge of the slice was delineated. Because of 
the limits of the spatial resolution, the left 
and right SMAs could not be distinguished, 
and this ROI, composed of 12 pixels, included 
both SMAs. Two other symmetrical and lat- 
eral ROIs were then delineated behind and 
outside this first ROI. The position and the 
size of these two ROIs (16 pixels) corre- 
sponded, respectively, to the right and the 
left S/M, cortical areas. Both primary senso- 
ry and motor cortical areas were considered 
together in these two ROIs. Inslice 2 (orbito- 
meatal +4), a medial axis was drawn in the 
same way to separate the two hemispheres in 
a symmetrical way. Two anatomical marks 
easily visible on the rCBF images were used 
to draw two horizontal axes: an anterior one 
corresponding to the posterior edge of the 
interhemispheric frontal cortex and a poste- 
rior one corresponding to the posterior edge 
of the posterior pole of the thalamus. Using 
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Fig 2.—Schematic representation and percentages of regional cerebral blood flow (rCBF) variations in the 
three cortical motor regions of interest (ROIs) of slice 3 during the movements of the fingers of the right hand 
(M task) compared with the resting condition in nine normal subjects and seven patients with Parkinson's 
disease (PD) in the “off” (ie, before subcutaneous injection with apomorphine hydrochloride and without 
antiparkinsonian treatment) and in the “on” (ie, after the subcutaneous injection of apomorphine) conditions. 
Notice that the percentages of rCBF increases were significant only in the supplementary motor area and in 
the contralateral primary sensorimotor (S,/M,) area but not in the ipsilateral S,/M, area of normal subjects and 
patients in the on condition. On the contrary, there was no significant change in any ROI of the patients in the 
off condition (asterisk indicates P<.05; double asterisks, P<.01). 


these three axes, it was possible to delineate 
four subcortical ROIs. Two square ROIs 
(nine pixels each, one on the right and one on 
the left side of the vertical and posterior 
horizontal axis intersection) corresponded to 
the two thalamus areas. Two other rectangu- 
lar ROIs (18 pixels each, the anterior edge of 
the ROIs being located on the anterior hori- 
zontal axis, 3 pixels outside the vertical axis 
to eliminate the image of the ventricle) corre- 
sponded to the two caudate-putamen areas. 
Once the ROIs had been superimposed to 
the rCBF images, rCBF values were auto- 
matically calculated within the different 
ROIs by the microcomputer. The rCBF data 
obtained during the M task were expressed 
after normalization to eliminate nonspecific 
rCBF changes. We normalized with a global 
factor™ corresponding to the ratio of the 
mean of the rCBF of the three slices at rest 
and during the M task (rCBF at rest/rCBF 
during the M task). The rCBF value of each 
ROI collected during the M task was then 
multiplied by this factor. Results are ex- 
pressed as mean+SD. Nonparametric tests 
(Mann-Whitney U test and Wilcoxon Signed- 
Rank Test) were used for statistical analysis. 
Significance was accepted for P<.05. 


RESULTS 


At rest, there was no significant dif- 
ference between the two populations in 
the mean values of global cerebral blood 
flow (slice 3, 60+11 vs 61+9 mL: 
100 g “min”; slice 2, 64+14 vs 61+ 
8 mL:100 g``min`’), rCBF in the differ- 
ent ROIs (Table), blood pressure 
(140+15/80+8 vs 136+7/73+7 mm 
Hg), Paco, (88 +3 vs 35 +4 mm Hg), and 
hematocrit (44%+4% vs 39%=+9%). 
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Regional Cerebral Blood Flow Values After Apomorphine in Normal Subjects 
and Patients With PD * 


Mean (+ SD) Blood Flow, mL X 100g"' X min“ 























Normal (n = 9) PD (n = 7)t 
-o 
Region Rest M Task Rest M Task “Off” M Task “On” 
S,/M, 
Contralateral 62 + 10 70 + OF 61+ 10 64 + 10 69 + 14t 
Ipsilateral 62 + 10 63 +9 63 +9 62 + 10 64+ 13 
SMA 73 + 13§ 69 + 13+ 









c/P 














* PD indicates Parkinson's disease; S,/M,, primary sensorimotor area; SMA, supplementary motor area; and 


C/P, caudate-putamen. 


Contralateral 66 + 10 64+9 T2- £16 72 + 24 71+ 14 

Ipsilateral 65+7 61+8 70 + 14 68 + 19 70 + 15 
Thalamic area 

Contralateral 72+8 68 + 11 69 + 15 65 + 18 64 + 14 

Ipsilateral fa: 1 66+9 68 + 14 64 + 18 63 + 14 


+"Off” indicates before subcutaneous injection of apomorphine hydrochloride; “On,” after injection of apo- 


morphine. 
$P <04. 
§P < .05. 


There was no significant difference be- 
tween the symmetrical right and left 
ROIs in any group in the resting condi- 
tion. Blood pressure and Paco, did not 
significantly vary from one scan to the 
other in any group (data not shown). 
The values of the global mean flow of the 
patients with PD during the M task in 
the off and in the on conditions were not 
significantly different (68+13 vs 69+ 
10 mL-100 g ‘min `). This result dem- 
onstrates that a global flow normaliza- 
tion error cannot explain differences in 
rCBF responses to motor activation in 
the off and in the on conditions. Normal 


subjects were younger than patients 
with PD (P<.01). 

In the nine normal subjects, the M 
task’s rate was 60 +20/min with an am- 
plitude of 3 in every subject. The move- 
ments of the fingers of the right hand 
induced a significant increase of rCBF 
in the SMA (+6%, P<.02) and in the 
left S,/M, area (+13%, P<.01) (Fig 2). 
No significant change was observed in 
the right S,/M, area (+ 2%) and in the 
subcortical ROIs (Table). 

Patients in the off condition did not 
perform the M task as well as did the 
normal subjects. The rate and the am- 
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plitude of the finger-to-thumb opposi- 
tions were significantly smaller than in 
normal subjects (42+25 vs 60 +20/min 
[P<.05] and 1.5+0.8 vs 3, respective- 
ly). In fact, the initial movements of the 
patients with PD in the off condition 
were not dramatically different from 
those of controls, but, as is well known 
from clinical observation, the subse- 
quent repetitions progressively de- 
creased in amplitude and velocity. In 
these patients, the M task was not ac- 
companied by any significant change in 
any ROI (Table). 

A mean dose of 3.6 + 1.0 mg of subcu- 
taneous apomorphine hydrochloride 
switched all the patients on without sig- 
nificant side effects. The Unified Par- 
* kinson’s Disease Rating Scale global 
motor score was significantly reduced 
(27+13 vs 12+10, P<.01). The M task 
rCBF measurement was performed 
10 minutes after the patients had 
switched on. The patients with PD in 
the on condition performed the M task 
significantly better than in the off condi- 
tion (rate, 53+28/min, P<.01; ampli- 
tude, 2.3+0.5, P<.01). In the on condi- 
tion, the M task’s rate was no more 
significantly different from that of the 
normal subjects, but the amplitude re- 
mained slightly smaller. In the on condi- 
tion, a significant increase in rCBF was 
observed during the M task in the SMA 
(+7%, P<.05) and in the left S,/M, area 
(+18%, P<.01). No other significant 
changes were observed in any other 
ROI (Table). 


COMMENT 


Our results show that the activity of 
both the SMA and the contralateral 
S,/M, area is impaired during the move- 
ment of the right hand in akinetic pa- 
tients with PD in the off condition. This 
abnormality is reduced after treatment 
with dopaminergic agonists. Several ra- 
dioisotopic techniques have been used 
to measure rCBF changes elicited by 
stimulation or activation of neurological 
or behavioral functions. The focal 
changes observed reflect the distribu- 
tion of the cerebral structures associ- 
ated with the activity under study. It 
has been demonstrated that it is possi- 
ble in this way to identify brain areas 
that are activated during the perfor- 
mance of a motor task.” Positron emis- 
sion tomography is obviously the most 
accurate technique for analyzing such 
changes. However, in normal subjects, 
it has been reported repeatedly that 
several relevant rCBF changes can also 
pe detected during movements with 
nontomographic techniques” and 
SPECT." The results of the present 
study in the normal population reinforce 
this assertion. Like Lauritzen et al,” we 
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were able to demonstrate that SPECT 
can detect significant increases of rCBF 
in regions corresponding to the contra- 
lateral S,/M, area and tothe SMA during 
a sequential movement of the hand. The 
relevance and the specificity of these 
increases are supported by the absence 
of any significant rCBF change in the 
ipsilateral S,/M, area. It is possible that 
the negative results that we obtained at 
the subcortical level in slice 2 were re- 
lated, at least partly, to the limits of our 
technique. Future studies are required 
to elucidate this problem. 

Patients with PD when moving their 
fingers in the off condition did not exhib- 
it the same pattern of rCBF changes as 
normal subjects. No significant rCBF 
increase was observed in any ROI al- 
thoughrCBF increased in the contralat- 
eral S,/M, area (+5%). This result could 
be ascribed to the age difference be- 
tween the two populations. However, 
the fact that the same patients in the on 
condition exhibited rCBF changes com- 
parable with those observed in normal 
subjects does not support this hypothe- 
sis. Voluntary movements of patients 
with PD are initiated and executed 
slowly. This abnormality was well illus- 
trated in our patients by their poor M 
task performance and corresponds to 
bradykinesia. Bradykinesia does not re- 
flect an impairment of the final cortical- 
motor neuron connection, and it is as- 
sumed that the motor cortex and its 
efferent pathways are intact in PD.” 
This is consistent with the normality of 
the motor evoked potentials in our pa- 
tients. Accordingly, one can assume 
that bradykinesia is not due toa “physi- 
cal” lesion of the S,/M, area but rather to 
some kind of hypoactivity of this last 
area. This concept fits well with the ab- 
sence of anatomical lesions in the motor 
cortex of patients with PD and with our 
observation that apomorphine simulta- 
neously reversed the hypoactivity of 
the contralateral S,/M, area and the mo- 
tor impairment. 

Our failure to detect any significant 
cortical activation with the patients 
with PD in the off condition when per- 
forming finger touching could simply re- 
flect the fact that these patients failed to 
do the task and so had reduced afferent 
feedback input activity. However, our 
results may also reflect a primary pro- 
gramming problem with these subjects. 
A defective programming command in 
the SMA, for example, could lead to a 
functional hypoactivation of the S/M, 
cortex and to an abnormal movement. 
We favor this second explanation be- 
cause several previous motor activation 
studies have demonstrated that the ex- 
ecution of a sequential movement in nor- 
mal subjects is not necessary to observe 


an activation of the SMA. = That is, 
mental simulation of a complex move- 
ment can significantly increase rCBF in 
the SMA.""*****" This has been inter- 
preted as the demonstration of an in- 
volvement of the SMA in planning the 
movement. The SMA is thus in a way 
not supplementary but rather “supra- 
motor,” as suggested by Orgogozo and 
Larsen.” 

Although our patients with PD were 
executing the M task in a defective man- 
ner, it can be assumed that they under- 
stood what they were asked to do be- 
cause they usually executed the first 
movements of the M task in a proper 
way and because the sequence of the 
finger oppositions remained normal, al- 
though amplitude and rate deterio- 
rated. Our patients were then expected 
to try to plan mentally the movement in 
a normal way. In other words, accord- 
ing to the physiological data from nor- 
mal subjects, the SMA was theoretical- 
ly expected to be normally activated 
even if the patients failed to execute the 
task normally. For this reason, it is 
tempting to assume that the absence of 
activation in the SMA was not the con- 
sequence but rather the cause (or one of 
the causes) of the defective movement 
in the patients in the off condition. This 
interpretation is consistent with the 
clinical and electrophysiological obser- 
vation that the motor impairment ob- 
served in patients with SMA lesions and 
in patients with PD are quite compara- 
ble.” 

It is also interesting to compare our 
radioisotopic data with the electro- 
physiological data showing that the ear- 
ly Bereitschaftspotential (which may 
reflect the poor cortical activation of the 
medial system involving SMA and basal 
ganglia used to generate internally gen- 
erated movement) are abnormal in pa- 
tients with PD.’ However, it must be 
reinforced that the radioisotopic meth- 
ods give extremely poor temporal infor- 
mation, and that it is totally impossible 
with these techniques to demonstrate 
that the hypoactivation of the SMA did 
indeed precede the hypoactivation of 
the S,/M, area. 

Our results in patients with PD in the 
on condition further support the hy- 
pothesis that some aspects of the motor 
deficit of PD can be explained by a re- 
versible and functional subcortical deaf- 
ferentation of cortical motor areas. To 
our knowledge, it is the first time that 
the effects of a drug, apomorphine in the 
present case, have been reported on 
rCBF changes induced by a motor acti- 
vation. It is well known from anatomical 
studies that one of the major cortical 
outputs of the basal ganglia is, the 


SMA.”" Moreover, recent eleét jsi- 
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ological data in the 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine monkey 
model of parkinsonism have shown that 
hypokinetic disorders may result from 
an excessive thalamic inhibition of the 
cortical motor areas.™ This phenomenon 
would result in a reduction in the usual 
reinforcing influence of the motor cir- 
cuit on cortically initiated movements. 
Two main mechanisms may explain this 
excessive thalamocortical inhibition. 
The first is an excessive inhibition of the 
external segment of the globus pallidus 
within an indirect pathway leading to 
disinhibition of the subthalamic nucle- 
us, which in turn provides excessive ex- 
citatory drive to the basal ganglia out- 
put nuclei (internal segment of the 
globus pallidus and substantia nigra 
pars reticulata [GPi/SNr]). The second 
is a reduction in the inhibitory input to 
GPi/SNr through a direct pathway. 
These two phenomena would in fact re- 
sult from the defect in dopamine input to 
the caudate-putamen secondary to the 
degeneration of the nigrostriatal dopa- 
minergic system. The small size of these 
different subcortical nuclei prevents 
any attempt to demonstrate relevant 
rCBF changes in these regions with our 
technique. We have demonstrated in 
previous work that apomorphine does 
not modify the rCBF in patients with 
PD pretreated with domperidone in the 
resting condition.” The effects of dopa- 
minergic drugs on the cerebral vessels 
are in fact a peripheral and global re- 
ponse that is blocked by domperidone.* 
Therefore, it can be assumed that the 
increased rCBF that we observed in the 
cortical motor areas in our patients with 
PD was not due to a direct vascular 
effect of the drug but rather to an im- 
provement of the functioning of the cor- 
ticosubcorticocortical motor loop due to 
the correction of the dopaminergic stim- 
ulation at the striatal level. 

Our results are in agreement with the 
hypothesis that bradykinesia in PD is at 
least partly related to a functionnal 
deafferentation of the SMA secondary 
to the dopaminergic deficiency at the 
subcortical level. It is clear that newer 
tomographic methods than SPECT 
with contiguous z axis sampling may 
provide better assessment of motor ac- 
tivation in other areas such as the fron- 
tal premotor cortex, the basal ganglia, 
and the cerebellum, which were not 
studied in our work. However, our data 
combined with others demonstrate that 
SPECT can be considered a relevant 
technique to study several cortical ar- 
eas, both under pathological conditions 
and after pharmacological manipula- 
tions, and that this kind of investigation 
can be fruitful in the comprehension of 
motor diseases. 
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Protein Redistribution Diet Remains Effective 
in Patients With Fluctuating Parkinsonism 


Patricia J. Karstaedt, MD, Jonathan H. Pincus, MD 


© Forty-three carbidopa-levodopa (Sine- 
met)-treated parkinsonian Patients with 
protein-sensitive motor fluctuations were 
Started on the protein redistribution diet 
within the past 48 months. Thirty patients 
(70%) are still using the diet successfully 
after more than 12 months (mean duration, 
33.6 months; range, 12 to 48 months). The 
diet was discontinued in the other 13 cases. 
In 10 of these 13 patients, the protein redistri- 
bution diet was discontinued for a variety of 
reasons, despite continued sensitivity to di- 
etary protein; in only three patients (7%), 
those with the most severe and complicated 
disease, was the protein redistribution diet 
stopped because of its limited therapeutic 
benefit. The protein redistribution diet is a 
simple adjunct to the treatment of Parkin- 
son’s disease that can significantly prolong 
the efficacy of levodopa therapy in many 
fluctuating “end-stage” patients. 

(Arch Neurol. 1992;49:149-1 51) 


[t is well established that carbidopa- 

levodopa (Sinemet) is the most effec- 
tive and least toxic drug far the symp- 
tomatic control of Parkinson’s disease 
(PD). With prolonged treatment, how- 
ever, disabling side effects such as ran- 
dom daily motor fluctuations (“on-off” 
phenomenon) and, especially, random 
drug-resistant “off” periods are encoun- 
tered in a large proportion of parkinso- 
nian patients. ™ Many believe that levo- 
dopa may be responsible for these 
adverse effects. Consequently, the ini- 
tiation of levodopa therapy has often 
been delayed, and its dosing and fre- 
quency of dosing have often been held to 
aminimum. If carbidopa-levodopa ther- 
apy could be shown to remain effective 
indefinitely, there would be no reason to 
limit its use for fear of ultimate 
inefficacy. 
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It is our hypothesis that the deterio- 
ration in levodopa’ effectiveness is pri- 
marily the result of the erratic delivery 
of levodopa to the dopamine-depleted 
brain” that reflects the peripheral 
pharmacokinetic properties of levo- 
dopa." Plasma large neutral amino acids 
(LNAAs), derived predominantly from 
dietary protein, play a crucial role in the 
delivery of levodopa to the central ner- 
vous system as they compete with levo- 
dopa for the same carrier. ”™™ Patients 
with mild disease still have some capaci- 
ty to store dopamine” and may not be 
noticeably affected by diet-derived 
LNAAs. Patients with “end-stage” dis- 
ease have dopamine stores that are se- 
verely depleted. In these patients, an 
inverse relationship exists between 
clinical performance and plasma LNAA 
concentrations. *""""" 

The deleterious influence of dietary 
protein on levodopa efficacy and the 
benefit of a low-protein diet are now 
well-established clinical facts.'*”” There 
has been some controversy regarding 
the amount of protein in the diet needed 
to counteract the antiparkinsonian ef- 
fect of levodopa. Juncos et al” suggested 
that only protein intake in excess of the 
recommended daily allowance for pro- 
tein (0.8 g of protein per kilogram of 
body weight per day) diminishes levo- 
dopa responsiveness in patients with 
advanced disease. Tsui et al” showed 
that seven of 10 patients tried on a low- 
protein diet of 50 g/d (40 g/d for women) 
demonstrated a statistically significant 
improvement in performance while on 
the diet. However, it is not only the 
total daily amount of protein that affects 
clinical response to levodopa but also its 

distribution.” By restricting most of the 
recommended daily allowanee for pro- 
tein to the evening meal (daytime di- 
etary protein intake limited to <10 g) 
with a protein redistribution diet 
(PRD), it has been shown that daytime 
plasma concentrations of LNAAs are 
maintained at fasting levels, diet-relat- 
ed surges in plasma LNAA levels are 
eliminated, and the daytime sensitivity 


to levodopa therapy of many fluctuating 
parkinsonian patients can be restored.” 
The PRD is a simple adjunct to levo- 
dopa therapy that can usually be insti- 
tuted on an outpatient basis. It has even 
brought improvement in patients with 
severe fluctuations who have failed to 
obtain optimal benefit from all forms of 
manipulation of the dosage schedule of 
levodopa, including drug holidays or the 
addition of newer ancillary medications. 
However, it is not yet clear for how long 
the PRD remains clinically beneficial 
and practical, or if it can prolong indefi- 
nitely the usefulness of levodopa be- 
yond the time at which random drug- 
resistant off periods have commenced. 


PATIENTS AND METHODS 


The 43 patients included in this study rep- 
resented all the fluctuators in an outpatient 
population of 198 patients with PD, All 43 
had initially been responsive to levodopa but 
had begun experiencing motor fluctuations 
and random periods of levodopa unrespon- 
siveness that no longer responded to manipu- 
lations of their levodopa therapy. The PRD 
was tried because of our hypothesis that this 
episodic, secondary levodopa unresponsive- 
ness is due to the competitive inhibition of 
levodopa uptake into the brain by LNAAs. 
Table 1 presents the demographic character- 
istics of the study population. 


Response to the PRD 


In 10 cases the response to the PRD was 
documented during hospital admissions. 
These patients were hospitalized because 
they had been experiencing difficulty in cop- 
ing at home. A series of observations were 
made from 8 AM to 4 PM bya specially trained 
nurse on 2 successive days during which the 
dose and frequency of medication were held 
constant. The patient was given a regular 
hospital diet on 1 day and a low-protein diet 
on the next. At each observation, the motor 
status of the patient was assessed using 
(1) the time (in seconds) for the patient to 
walk 12 feet in one direction, turn 180°, and 
return to the starting point; and (2) a stan- 
dardized motor scale. 

The response to the PRD of the remaining 
33 patients was determined during a 2- to 
3-week period from history, telephone inter- 
views, and frequent outpatient physician 
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Table 1.—Patient Demographics 
(n = 43)* 


Mean + SE, 
y 
Age 69.3 + 1.5 
Age at PD onset SSO t 1:7 
Duration 
Of PD 
Of levodopa 
use before 
PRD 9.1 + 0.9 
Of motor 
fluctuations 





13.7 + 1.0 


3.3 + 0.3 


* PD indicates Parkinson's disease; PRD, protein 
redistribution diet. 


evaluations. The latter included hourly vid- 
eotape monitoring of the patients’ motor sta- 
tus (assessed as outlined above) over several 
hours. 


Follow-up 


All 43 patients responded to the PRD. 
Their progress on the PRD was then moni- 
tored as follows: (1) monthly telephone inter- 
views; (2) 3-monthly physician evaluation 
that included a general medical examination 
and weight check, neurologic examination, 
PD assessment using the New York Univer- 
sity Disability Scale,* the Abnormal Invol- 
untary Movement Scale,” and the time to 
walk a measured distance, and blood investi- 
gations to assess their nutritional status 
(complete blood cell count and serum albumin 
level); and (3) 6-monthly inpatient or outpa- 
tient reassessments of their sensitivity to 
dietary protein. This involved hourly video- 
taping of a standardized motor examination 
from 8 AM to 4PM when ona regular diet anda 
PRD. An observer, “blind” to the type of 
diet, then reviewed the videotapes for par- 
kinsonian disability using the New York Uni- 
versity Disability Scale, dyskinesia using the 
Abnormal Involuntary Movement Scale, and 
the time, in seconds, it took to walk a mea- 
sured distance, turn 180°, and return to the 
starting point. Scores obtained on each of the 
two diets were compared using the paired t 
test. 

Antiparkinsonian medications other than 
carbidopa-levodopa were discontinued 
whare possible before the institution of the 
PRD. In 14 cases, optimal control of symp- 
toms necessitated their continued use. Adju- 
vant medication use was not changed in these 
patients, or started in any of the other pa- 
tients, during the period of follow-up. 


Criteria for Ongoing PRD Efficacy 


Patients were considered to be using the 
diet successfully only if they met all of the 
following criteria: (1) were largely or entirely 
independent in performing daily activities 
during periods of dietary protein restriction; 
(2) did not experience unpredictable off peri- 
ods that were unrelated to the timing of anti- 
parkinsonian medication and/or the ingestion 
of food; (3) identified high-protein foods that 
they avoided before supper; (4) described 
daytime meals and snacks that totalled less 
than 10 g of protein; (5) understood the rea- 
son for the diet and how it works; and 
(6) experienced off periods following inges- 
tion of a high-protein meal (usually supper). 
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Table 2.—Effect of PRD on 43 Patients With PD and Motor Fluctuations * 







Mean + SE 


p 
































* PRD indicates protein redistribution diet; PD, Parkinson's disease; NYU scale, New York University Disabil- 


Regular 
Diet PRD 
Optimal levodopa dose, mg/d 839.0 + 72.8 784.5 + 56.5 
Optimal levodopa dosing frequency /24 h 6.3 + 0.4 6.9 + 0.4 
Worst PD disability score (NYU scale) 31.4 + 1.9 18.7 + 1.3t 
“On” time (h)/No. of observations, % 17 76t 
Best walking time, s 16.0 + 3.1 6.3 + 0.6¢ 









ity Scale; and “on” time, normal motor state or mild dyskinesia. 


tP < .01 (paired t test). 
+P < .05 (paired t test). 


Table 3.—Comparison Between Groups* 


















































* PRD indicates protein redistribution diet; PD, Parkinson’s disease; and NYU scale, New York University Dis- 


Duration of PRD use, 33.6 + 1.9 46+ 1.1 3:7 + 0.9 
mot 
Optimal levodopa dose, 
mg/24h 
Regular diet¢ 840.5 + 83.0 615.0 + 68.3 1683.3 + 365.5 
PRD+t 768.4 + 48.9 615.0 + 89.1 1600.0 + 350.0 
Worst PD disability 
score (NYU scale) 
Regular diet 30.3 + 2.2 30.2 + 4.3 43.3 + 4.4 
PRD§ 17.1+ 1.5 19i t22 32.0 + 3.5 





ability Scale (scores represent one data point per patient). Values are mean + SE. 
+P < .01, groups 1 vs 2 and 1 vs 3 (analysis of variance and Newman-Keuls Test). 
P < .01, groups 1 vs 3 and 2 vs 3 (analysis of variance and Newman-Keuls Test). 
§P < .05, groups 1 vs 3 and 2 vs 3 (analysis of variance and Newman-Keuls Test). 


RESULTS 


The institution of the PRD signifi- 
cantly improved the motor performance 
of all 43 patients (Table 2). Mean worst 
disability score dropped from 31.4 on a 
regular diet to 18.7 when on the PRD 
(P<.01). “On” time (normal motor state 
or mild dyskinesia) during the day sig- 
nificantly increased from 17% to 76% 
(P<.01) and walking time decreased 
from a mean of 16.0 to 6.3 seconds 
(P<.05). In 29 patients (67%), this mo- 
tor improvement was effected without 
any concomitant increase in the levo- 
dopa dose or the frequency of dosing. In 
17 of these 29 patients, the total daily 
dose of levodopa was actually de- 
creased. The PRD did not have a statis- 
tically significantly effect on the levo- 
dopa dose or dosing frequency of the 
study group as a whole (Table 2). 

The 10 hospitalized patients differed 
from the remaining 33 patients only 
with respect to the duration of their 
motor fluctuations (4.7 and 2.9 years, 
respectively; P<.05). No statistically 
significant differences were noted in 
their mean age, duration of PD, age at 
onset of PD, duration of levodopa use, 
levodopa dose and frequency of dosing 
either on or off the PRD, or PD disabil- 
ity either on or off the PRD. 


The method of determining the initial 
response to the PRD did not influence 
long-term use of the diet. Hospitalized 
patients used the diet for an average of 
24.6 months, whereas outpatients used 
it for an average of 25.3 months. 


FOLLOW-UP 


From the duration of use of the PRD 
and reasons for its discontinuance, 
three groups of patients could be 
differentiated. 

Thirty of the 43 patients are still on 
the diet after more than 12 months 
(mean duration, 33.6 months; range, 14 
to 48 months) and are in good health 
(group 1). Their deviation from the diet 
produces immobility within 30 minutes 
to 2 hours. Restriction of dietary pro- 
tein intake affords these patients the 
opportunity to predict when they will 
function best, thereby enabling them to 
regain considerable control over their 
lives. They have tended to incorporate 
the diet into their life-styles. This group 
includes seven of the 10 patients that 
had been initially identified as respond- 


ers to the PRD during hospitak 


admissions. 

The diet was discontinued in 10 of the 
remaining 13 cases despite their contin- 
ued sensitivity to dietary protein (group 
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2). Three were noncompliant and pre- 
ferred ongoing fluctuations to the re- 
strictions imposed by the diet. All three 
were overweight. Two patients were 
unable to maintain their expected body 
weights while on the diet. Both were so 
exquisitely sensitive to dietary protein 
that they had tended to avoid it alto- 
gether. One patient was admitted to a 
retirement facility that would not ad- 
minister the diet. Four had coexisting 
medical conditions that their attending 
medical physicians thought precluded 
their continued use of the diet. One of 
these four had abnormal renal function. 
Though this patient needed to be on a 
low-protein diet, the protein intake had 
to be distributed evenly throughout the 
day. One had levodopa-induced psycho- 
sis. The PRD, by increasing sensitivity 
to levodopa, exacerbated the psychosis. 
One had brittle diabetes and was on a 
strict diabetic diet. This patient could 
not manage to follow this diet and the 
PRD simultaneously. The fourth pa- 
tient had stomach cancer. In view of the 
poor prognosis, malaise, and general 
weakness in this patient, it was thought 
that continued use of the PRD was inap- 
propriate. Group 2 included the three 
remaining patients identified as re- 
sponders to the PRD during hospitaliza- 
tion (one was noncompliant and two had 
other medical conditions). 

In only three patients was the diet 
discontinued because, in the opinion of 
both physician and patient, it had 
ceased to be sufficiently beneficial 
(group 3). Two of these patients had 
“Parkinson's plus” with swallowing dif- 
ficulty, Babinski’s sign, loss of vertical 
eye movements, and some dementia. 
The third had severe PD and rapid ex- 
treme motor fluctuations (on-off) with 
no intervening periods of normality. 

Though no statistically significant dif- 
ferences were noted in age, age at onset 
of PD, duration of motor fluctuations, or 
duration of PD among the groups, group 
3 patients tended to be older and to have 
had the disease longer. Compared with 
groups 1 and 2, group 3 patients were 
taking significantly larger doses of levo- 
dopa when both on and off the PRD 
(P<.01) and had significantly higher 
disability scores when on the PRD 
(P<.05; Table 3). No statistically signif- 
icant differences were noted in the levo- 
dopa dosing frequencies, on times, and 
walking times of the groups, either on or 
offthe PRD. 


COMMENT 


Forty-three patients were followed 
up after being started on the PRD. All 
had end-stage PD with unpredictable 
motor fluctuations in response to carbi- 
dopa-levodopa. The diet was well toler- 
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ated by and remained successful in 70% 
of the patients for almost 3 years. Non- 
compliance, weight loss, intercurrent 
medical conditions, and home circum- 
stances accounted for the discontinu- 
ance of the PRD in 10 patients. Only 
three patients with extremely severe 
disease or Parkinson's plus did not bene- 
fit substantially from the PRD over 
time. 

The long-term effectiveness of the 
PRD has thus far extended the useful- 
ness of carbidopa-levodopa therapy by 
an average of 33.6 months in 70% of end- 
stage patients who had been treated 
with levodopa for almost 10 years. This 
is compatible with the theory that levo- 
dopa is not harmful to postsynaptic re- 
ceptors and that it does not necessarily 
become ineffective after prolonged use 
in end-stage parkinsonism. These re- 
sults are more compatible with the the- 
ory that the loss of dopamine storage 
(not down regulation of receptors) is pri- 
marily responsible for the motor fluctu- 
ations associated with end-stage par- 
kinsonism. In the end stage, the 
pharmacokinetics of levodopa entry into 
the brain appear to control the efficacy 
and success of dopamine replacement 
therapy. 

The PRD is a safe and simple adjunct 
to carbidopa-levodopa therapy that 
should be tried in any patient with PD 
experiencing episodic periods of levo- 
dopa unresponsiveness that do not re- 
spond to changes in dosage, timing of 
carbidopa-levodopa, or both. The sub- 
stantial duration of success of the PRD 
holds forth the possibility that dopa- 
mine replacement therapy might con- 
tinue to be effective indefinitely. This 
offers real hope to those patients with 
PD who are considered to be at the end 
stage of their disease. 


This research was supported in part by Public 
Health Service grant NS 26605. 
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Locus Coeruleus Involvement in Huntington’s Disease 
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e Numbers and areas of neuronal profiles 
from sections of brain stem at specific ana- 
tomic levels of the locus coeruleus and the 
dorsal raphe nucleus were measured in 33 
patients with Huntington's disease and in 23 
age-matched control subjects. Results from 
the Huntington's disease cases were corre- 
lated with severity of neostriatal atrophy and 
with systematically collected quantitative 
clinical data. Among the patients with Hun- 
tington’s disease, lower locus coeruleus 
neuronal counts, reduced neuronal areas, 
and reduced locus coeruleus length (dis- 
tance between rostral and caudal levels) 
were associated with features of advanced 
disease, including severity of neostriatal at- 
rophy, severity of dementia, duration of ill- 
ness, and severity of motor impairment and 
activities of daily living impairment. By con- 
trast, there was no evidence of neuronal pa- 
thology within the dorsal raphe nucleus in 
Huntington's disease. Pathologic changes in 
the locus coeruleus may relate to some of the 
clinical manifestations of Huntington’s 
disease. 

(Arch Neurol. 1992;49:152-1 56) 


N eostriatal atrophy is the neuropath- 
ologic hallmark of Huntington's 
disease (HD).'* While the neostriatum 
and globus pallidus have been most ex- 
tensively studied, other areas of the 
brain, including the neocortex, dien- 
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cephalon, certain brain-stem nuclei, 
cerebellum, and spinal cord are com- 
monly but variably affected in HD." 
Few investigators have systematically 
explored pathologic or clinical corre- 
lates of neuronal pathology within these 
nonstriatal brain regions.~” 

In one study,” decreased nucleolar 
size within the locus coeruleus (LC), but 
not the dorsal raphe nucleus (DR), was 
reported in five cases of HD. These cor- 
tically projecting brain-stem aminergic 
nuclei are affected in both Alzheimer’s 
disease (AD) and Parkinson's disease 
(PD). In AD, neuronal loss in the LC has 
been associated with a diagnosis of de- 
pression made during life. ™™” In PD, de- 
pletion of both neurons and norepineph- 
rine in the LC has been associated with 
presence of dementia.""* Because de- 
pression and dementia are also promi- 
nent in HD," we investigated the LC 
and DR in patients with HD for whom 
clinical data had been systematically 
collected during life and with known 
pathologic grade of disease based on 
striatal pathology.” 


MATERIALS AND METHODS 
Case Material 


Formalin-fixed brain tissues were ob- 
tained from the Brain Resource Center of the 
Neuropathology Laboratory at The Johns 
Hopkins Hospital (Baltimore, Ma) from 33 
patients clinically and pathologically diag- 
nosed as having HD (mean age at death, 56.5 
years; range, 33 to 81 years) and 12 control 
subjects. Brain tissues from an additional 11 
control subjects were obtained from the au- 
topsy service of the Veterans Affairs Medical 
Center, Reno, Nev. Fixation and processing 
procedures were similar at the two centers. 
The mean age at death of the control subjects 
was 61.2 years (range, 39 to 80 years). All of 
the patients with HD had an unambiguous 
clinical diagnosis of HD, including a positive 
family history. The neuropathologic findings 


at autopsy were consistent with the clinical 
diagnosis. The severity of neostriatal atro- 
phy (and neuronal loss) in the patients with 
HD was scored 0 to 4 (4 indicating most se- 
vere disease) according to the criteria of Von- 
sattel and colleagues.’ One of us (J.H.) scor- 
ing neostriatal atrophy was unaware of 
clinical results or measures of brain-stem in- 
volvement from individual patients. Control 
subjects had no history of neurologic disease 
and their brains demonstrated no significant 
pathologic changes. 


Clinical Assessment 


All of the patients with HD were followed 
up clinically in the HD center at The Johns 
Hopkins Hospital where detailed quantita- 
tive demographic, neurologic, and psychiat- 
ric data were systematically collected. Infor- 
mation used in this study included age at 
disease onset, duration of disease, last re- 
corded Mini-Mental State score (a measure of 
dementia),” last recorded activities of daily 
living (ADL) score (a functional impairment 
scale)," last recorded voluntary motor im- 
pairment score (MIS), “ and lifetime history 
of major depression (Diagnostic a nd Statisti- 
cal Manual of Mental Disorders, Revised, 
Third Edition, criteria). With the excep- 
tion of depression, all of these clinical mea- 
sures are indicators of disease severity.” 
Clinical data were incomplete in six cases. In 
the majority of cases, quantitative clinical 
data were obtained within 1 year of death. Of 
the five cases with an interval greater than 2 
years between last examination and death, 
quantitative clinical measures in three of the 
cases were at or near the limits indicating the 
greatest severity of disease. 

The last recorded Mini-Mental State 
scores were less than 4 in 18 of the HD cases 
and more than 15 in 10 cases. Two additional 
cases had scores of 10 and 11. Because of the 
bimodal distribution of scores, 28 cases were 
categorized as having either severe demen- 
tia (Mini-Mental State scores <4) or mild 
dementia (Mini-Mental State scores >15) for 
statistical analyses. For all cases designated 
as having depression, this was systematical- 
ly documented, and often observed and 
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treated, by the center staff during life. We 
chose to include (as depressed) patients with 
a lifetime history of depression because in 
HD the susceptibility to affective disorder is 
inherited with the disease ina large subset of 
families and is present in unaffected family 
members only at rates equal to that in the 
general population.” This pattern is strik- 
ingly different from that in AD (where de- 
pression tends to occur in patients who have 
unaffected family members with a history of 
depression)” In HD, affective disorder pre- 
dates the onset of any other symptom of dis- 
ease by as much as 20 years, and on average 
by 5 years.” 


Tissue Preparation, Selection of Slides, and 
Definition of Boundaries of Nuclear Groups 


Blocks of brain stem from each case con- 
taining the LC or DR were cut in the trans- 
verse plane (perpendicular to the longitudi- 
nal axis of the brain stem), dehydrated, 
embedded in paraffin, and sectioned serially 
(12 um). Every 20th section was stained with 
cresyl violet. Up to three levels of the LC and 
DR were identified, corresponding to ros- 
tral, middle, and caudal levels of each nucleus 
as defined in our previous study of individ- 
uals with AD." Boundaries of nuclear 
groups” were drawn on single coded slides 
for each level identified using a dissecting 
microscope. In those cases where sections of 
both left and right sides were available, nu- 
clei were assessed unilaterally with all levels 
selected from individual nuclei from the same 
side. Selection of slides and placement of 
boundary lines were performed without 
knowledge of clinical assessments, 


Counts of Neuronal Profiles and 
Determination of LC Lengths 


~»_ Neuronal profiles were counted within 
(designated areas of coded slides indepen- 
dently by two individuals. Criteria for identi- 
fying neurons were the same as those used in 
our previous study of AD.” Specifically, 
in the LC, all neuromelanin-containing pro- 
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using the conservative Tukey HSD method.24 


files (>12.5 um in greatest diameter) were 
counted ( x 400). The presence of a nucleolus 
Was not required for a neuron to be counted 
because neuromelanin often obscures this 
structure. Neuronal profiles smaller than 
12.5 um were excluded because of the diffi- 
culty sometimes encountered in distinguish- 
ing small profiles from large extracellular 
neuromelanin fragments or macrophages 
containing these fragments. All nucleolus- 
containing neurons (>25 wm in greatest di- 
ameter) within the DR were counted ( x 400), 
Neuronal profile counts by the two investiga- 
tors were highly correlated (Pearson r= .94 
for the LC; r=.81 for the DR). Counts of the 
two investigators were averaged to produce 
a single set of profile counts that was used in 
all data analyses. 

Sections containing the LC were studied in 
all of the HD and in 22 control cases. Sections 
of the DR were studied in 23 patients with 
HD and in 17 control subjects. Distances be- 
tween rostral and caudal levels of the LC (LC 
length) could be determined in 23 of the HD 
cases and in seven control subjects. This dis- 
tance, measured by multiplying the number 
of stained sections between previously se- 
lected rostral and caudal levels by the dis- 
tance between adjacent sections (240 um), 
reflects the rostrocaudal length of this nucle- 
us from near the junction of the pons and the 
midbrain (rostral level) to the caudal third of 
the pons (caudal level), ” 


Determinations of Areas of Neuronal Profiles 


A computer-based image analysis system 
(CUE Integrated Vision System, Olympus 
Corp, New York, NY) was used to determine 
areas of neuronal profiles in the LC from HD 
and control cases. Counts were also per- 
formed, and it was determined that profiles 
with areas more than 250 pm? corresponded 
best with neurons counted as previously de- 
scribed. The correlation of computer-based 
counts (neurons >250 um) with the previous 
counts in identical sections of the LC was 
very high (Pearson r=.91). The rostral level 


was not examined because of the presence of 
variable numbers of similarly sized neurons 
of the laterodorsal tegmental nucleus within 
the designated LC area at this level.” As 
these neurons lack neuromelanin, they could 
readily be excluded from visual (manual) 
counts, but not easily and reliably from com- 
puter-based counts. Areas of neuronal pro- 
files more than 250 um? were also determined 
at the middle level of the DR. 


Statistical Methods 


One-way analysis of variance, followed by 
post hoe paired comparisons using the con- 
servative Tukey Honestly Significant Differ- 
ence method,” was used for comparisons 
among control, HD mildly demented, and 
HD severely demented groups. Direct com- 
parisons between HD mildly demented and 
HD severely demented groups were made 
using two-tailed ¢ tests. In all instances, 
when the P value was less than .05 by t test, 
the 95% confidence intervals around medians 
did not overlap. All correlations were 
Pearson product moment correlation coeffi- 
cients (r). 


RESULTS 
Comparisons of HD and Control Groups 


Neuronal counts in patients with HD 
as a group were not significantly differ- 
ent from counts in control subjects at 
any level of either the LC or the DR. 
However, severely demented patients 
had significantly fewer neuronal pro- 
files at the rostral LC level (Fig 1) and 
reduced LC lengths in comparison with 
control subjects (P<.05). Areas of LC 
neuronal profiles were also significantly 
reduced at both levels examined (mid- 
dle and caudal levels) in severely de- 
mented patients with HD in comparison 
with control subjects (Fig 2). 

In the DR, counts were increased in 
HD (17% and 18% greater than control 
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Fig 2.—Bar graph of mean areas (in square microns) of neuronal profiles 
at middle and caudal levels of the locus coeruleus and middle level of the 
dorsal raphe nucleus in control cases (open bars), patients with Hunting- 
tons disease with mild dementia (bars with diagonal hatches), and 
patients with Huntington's disease with severe dementia (bars with cross 
hatches). See Fig 1 for definitions of mild and severe dementia. Error 
bars indicate SD. Numbers of cases indicated under bars; asterisk, 
P<.05 for comparisons with control subjects (middle and caudal locus 
coeruleus) and mildly demented cases (middle locus coeruleus only) 
using the conservative Tukey Honestly Significant Difference method 
and analysis of variance (ANOVA).* 
















Table 1.—Comparisons of Selected Measures 
in Huntington's Disease (HD) Patients With Mild Dementia and 
in HD Patients With Severe Dementia * ‘ 















Measure Mild Dementia Severe Dementia 




















Neostriatal atrophyt 2:4) + 0:74 3.4 + 0.7§ 
LC length 6.2 + 0.8 4.8 + 0.7§ 
Age at onset, y 47.5 + 9.1 35.7 + 14.0|| 
Duration 10.5 + 3.6 17.2 + 7.2§ 
ADL 31.9 + 9.4 46.6 + 3.4§ 
MIS 12.9 + 6.4 23.0 + 4.0§ 





*Locus coeruleus (LC) length is distance in millimeters between rostral and 
caudal LC levels. Patients in the HD mild dementia group had Mini-Mental State 
Scores of more than 15 (10 patients). Patients in the HD severe dementia group 
had Mini-Mental State scores of less than 4 (18 patients). ADL indicates activities 
of daily living score; MIS (voluntary), motor impairment score. 

+0 to 4 scale.* 

Data are expressed as means + SDs. 

§P < .01. 

||P < .05. 







Table 2.—Pearson Correlations Among Selected Measures 
in Patients With Huntington’s Disease * 




















Neostriatal Age at 
Measure Atrophyt Onset Duration ADL 
Age at onset —0.58¢ ie 
Duration 0.594 —0.56¢ bis 
ADL 0.60¢ —0.41§ 0.554 
MIS 0.69+ —0.45§ 0.48} 





subjects at rostral and middle levels, 
respectively), but these increases were 
not statistically significant (Fig 1). Ar- 
eas of neuronal profiles in the DR (ex- 
amined at the middle level) were similar 
in control and HD cases (including those 
with severe dementia) (Fig 2). 


Relationships Between LC Neuronal 
Profile Counts and Other Variables 
in Patients With HD 


Patients with severe dementia had 
greater neostriatal atrophy, higher 
MIS and ADL scores, an earlier age of 
onset, and longer duration of illness 
than HD cases with mild dementia (Ta- 
ble 1). All correlations among neostria- 
tal atrophy, MIS scores, ADL scores, 
early age of onset, and duration of ill- 
ness were also statistically significant 
(Table 2). 

Severely demented patients tended 
to have fewer neuronal profiles at ros- 
tral and middle levels of the LC than 
patients with mild dementia. At the ros- 
tral level, differences among control, 
HD mildly demented, and HD severely 
demented groups were significant by 
analysis of variance. At the middle LC 
level, differences among control, HD 
mildly demented, and HD severely de- 
mented groups were not significant by 
analysis of variance (P =.055). Never- 
theless, using the conservative Tukey 
Honestly Significant Difference method 
for paired comparisons at this level, the 
difference between counts in mildly and 
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* ADL indicates activities of daily living score; MIS (voluntary), motor impairment 


score. 
+0 to 4 scale.’ 
4P < .01. 
§P < .05. 


severely demented cases was signifi- 
cant (Fig 1, left). Areas of neuronal pro- 
files were also significantly reduced at 
the middle LC level in severely dement- 
ed patients compared with patients 
with mild dementia (Fig 2). Moreover, 
negative relationships were found be- 
tween profile counts at rostral and mid- 
dle levels and duration of disease 
(P<.05 at the rostral level), MIS 
(P<.05 at rostral and middle levels), 
and ADL scores (P<.05 at the middle 
level) (Table 3). No relationships were 
noted between LC counts and age at 
disease onset or presence of depression. 


Relationships Between LC Length and 
Other Variables in Patients With HD 


Distances between rostral and caudal 
levels of the LC were reduced by more 
than 20% in severely demented cases in 
comparison with mildly demented cases 
(P<.002) (Table 1). As shown in Table 3 
and Fig 3, reduced LC length correlated 
significantly with severity of neostriatal 
atrophy, MIS, and most highly, ADL 
scores (P<.001 for correlation with 
ADL scores). Trends also suggest rela- 
tionships with early age of onset and 
long duration. No relationship was 
noted between LC length and presence 
of depression. 


Relationships Between DR Counts and 
Clinical Variables in Patients With HD 


Patients with severe dementia tend- 
ed to have higher profile counts than 
patients with mild dementia at all levels 
of the DR (Fig 1, right). Middle level 
counts correlated significantly with 
ADL scores (P<.05) (Table 3). The data 
also suggested possible relationships 


_ 


between DR counts and MIS scores and ` 


duration of illness (Table 3). No rela- 
tionships were noted between DR 
counts and neostriatal atrophy or pres- 
ence of depression. 


COMMENT 
Involvement of the LC and DR in HD 


Our results demonstrate that signifi- 
cant neuronal pathology, albeit modest, 
occurs within the LC in patients with 
advanced HD. Specifically, counts of 
neuronal profiles at the rostral level of 
this nucleus, and areas of profiles at 
middle and caudal levels (not deter- 
mined at the rostral level), were lower 
in patients with HD with severe demen- 
tia than in control subjects. An inverse, 
relationship was found between neuro- 
nal profile counts at rostral and middle 
levels of the LC and pathologic and clini- 


8,18,25 + 


cal features of advanced disease,” ie, 
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Table 3.—Pearson Correlations Between Neuronal Profile Counts (or LC Length) and 
Selected Measures in Patients With Huntington's Disease * 
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Nucleus (N)t Atrophy Onset Duration ADL MIS 
Locus coeruleus 
Rostral (29) —0.35 ee) —0.41]| —0.36 —0.40]| 
Middle (30) —0.44|| —0.39]| 
Caudal (31) signe masa ae Kea es 
LC length (23) —0.43} 0.39 —0.42 =0:721 —0.639 
Dorsal raphe 
Rostral (14) ae 0.35 0.34 
Middle (16) 0.43 0.599 0.45 
Caudal (19) 0.41 0.31 


* Locus coeruleus (LC) length is distance in millimeters between rostral and caudal LC levels. ADL indicates 





activities of daily living score; MIS, (voluntary) motor impairment score. 


tMaximum number of cases are within parentheses. 


+0 to 4 scale.? 

§Correlations of less than +0.30 are not reported. 
||P < .05. 

IP < .01. 


dementia, long duration, MIS scores, 
ADL scores, and possibly severity of 
neostriatal atrophy. These results prob- 
ably correspond closely to pathologic in- 
volvement of noradrenergic neurons, as 
the correspondence between presence 
of neuromelanin and dopamine-ß-hy- 
droxylase immunoreactivity (a specific 
marker for noradrenergic neurons) 
within the LC in the adult human brain 
is excellent.” The pattern of neuronal 
involvement suggested by our results 
(ie, greater rostral and middle level 
than caudal level pathology) may indi- 
cate preferential involvement of neu- 
rons that project to the telencephalon.” 
Although there is normally little nor- 
adrenergic innervation of the neostria- 
tum, norepinephrine levels are report- 
edly normal in HD neostriatum, consis- 
tent with depletion of input from the LC 
in proportion to atrophy of this struc- 
ture.* 

Quantitative morphologic and neuro- 
chemical studies in patients with HD 
have been confounded by the loss of lo- 
cal tissue volume (atrophy) that is char- 
acteristic of this disease.*“" Brain- 
stem atrophy has been described in 
individuals with HD,” although its re- 
lationship to atrophy in other structures 
or to clinical measures has not been 
studied. The significant reductions in 
distance between rostral and caudal lev- 
els of the LC (LC length) found in this 
study in patients with advanced disease 
may at least partially reflect this pro- 
cess. A further effect of atrophy would 
be increased density of local neuronal 
populations, including those otherwise 
unaffected.“ This effect probably ac- 
counts for the increased counts within 
the DR in patients with HD (see below). 
Reduced volume of neurons without at- 
rophy of the nucleus as a whole would 
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result in lower neuronal profile counts 
per section. For example, that portion 
of an individual LC neuron represented 
by its profile in the 12-um section se- 
lected might be less than 12.5 um in 
greatest diameter (and therefore not 
counted). In the LC, any increase in 
neuronal density due to atrophy would 
be at least partially offset by the re- 
duced volume of neurons, as indicated 
by decreased areas of neuronal profiles. 
Because of these offsetting factors, re- 
lationships between neuronal profile 
counts at individual levels of this nuc- 
leus and numbers of neurons within the 
entire nucleus are imprecise. 

Our results suggest a weak but con- 
sistent tendency for increased numbers 
of neuronal profiles at specific levels of 
the DR in patients with HD in compari- 
son with control subjects and positive 
relationships between counts in this nu- 
cleus and measures reflecting advanced 
disease, including severity of dementia, 
ADL and MIS scores, and possibly du- 
ration of illness. Areas of neuronal pro- 
files (at the middle level) were similar in 
control subjects and in patients with HD 
with or without severe dementia. Thus, 
our results provide no evidence that sig- 
nificant neuronal pathology occurs in 
the DR in individuals with advanced 
HD. Supporting a lack of DR neuronal 
involvement are reports of increased se- 
rotonin levels within the atrophied 
neostriatum of patients with HD.” 


The Significance of LC Involvement in HD 


The normal functions of the LC and 
the DR are only poorly understood (eg, 
see reference 34). Several lines of evi- 
dence have implicated aminergic sys- 
tems in depression, including recent 
studies of patients with AD or “primary 
dementia” demonstrating relationships 
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Fig 3.—Comparison of activities of daily living 
(ADL) scores and distance between rostral and 
Caudal locus coeruleus (LC) levels (LC length) 
in patients with Huntington's disease with mild 
dementia (Mini-Mental State scores >15) and 
severe dementia (Mini-Mental State scores <4 
except for the case with asterisks where the 
Score equals 10). Line indicates linear 
regression. 


between history of depression and se- 
verity of neuronal loss within the LC 
and possibly within the DR."""*" We 
found no relationships between neuro- 
nal profile counts in these nuclei (nor LC 
length) and presence of depression in 
individuals with HD. The possibility 
that the pathophysiology of depression 
in patients with AD and HD differs is 
consistent with differences in family 
history” and in clinical features of de- 
pression in these diseases, eg, the more 
common occurrence of bipolar symp- 
toms in patients with HD compared 
with AD (C.P. and S.E.F., unpublished 
observations). 

A specific role of LC involvement in 
dementia has not been proven.” Al- 
though the LC is severely affected in 
individuals with AD, previous studies 
have failed to demonstrate any correla- 
tion in patients with AD between extent 
of dementia and noradrenergic markers 


in the neocortex." However, re- 


duced levels of norepinephrine mea- 
sured in frozen sections containing the 
LC have been demonstrated in patients 
with PD with dementia compared with 
those without cognitive change." We 
have also demonstrated in a preliminary 
study significantly fewer neuronal pro- 
files within the LC at all levels in de- 
mented vs nondemented individuals 
with PD." Relationships between se- 
verity of dementia and neuronal pathol- 
ogy within the LC in patients with HD 
(or PD) may not be specific (ie, may 
reflect advanced disease). However, it 
is possible that involvement of nonstria- 
tal structures and pathways, including 
the neocortex or the innervation of neo- 
cortex by the LC, contribute to the se- 
vere dementia of advanced HD. ° 

Our data indicate that neuronal pa- 
thology within the LC occurs in individ- 
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uals with advanced HD. Involvement of 
the LC in HD may contribute to clinical 
manifestations, and will need to be ac- 
counted for in models of the pathophysi- 
ology of this disease. 
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e Detailed testing of higher cerebral func- 
tion was performed in 36 patients with mito- 
chondrial myopathies and encephalomyo- 
pathies. Fourteen of these patients were 
thoughtto be cognitively impaired on clinical 
grounds. The assessments included tests of 
general intellectual ability and focal tests of 
memory, language, and perception. Twenty- 
one (58%) of the 36 patients who were tested 
had evidence of general intellectual deterio- 
ration, with focal cognitive deficits of vari- 
able degree. Of the remaining 15 patients in 
whom there was no evidence of general intel- 
lectual decline, five displayed focal cognitive 
deficits. In only 10 patients was there evi- 
dence of cerebral dysfunction. The range 
and extent of cognitive deficits in mitochon- 
drial myopathies are greater than predicted 
by their clinical presentations. 

(Arch Neurol. 1992;49:158-160) 


T he mitochondrial myopathies and en- 

cephalomyopathies are a diverse 
group of disorders that share the com- 
mon feature of mitochondrial morpho- 
logical abnormalities in skeletal muscle 
biopsy specimens. Their clinical presen- 
tation is very variable and involves the 
central nervous system in about 30% of 
adult patients.'* Syndromes of encepha- 
lomyopathy include the (1) Kearns- 
Sayre syndrome of ophthalmoplegia, 
retinopathy, and heart block’; (2) myo- 
clonus epilepsy with ragged red fibers’; 
and (3) mitochondrial encephalopathy, 
lactic acidosis, and strokelike episodes.” 
However, there is often an overlap be- 
tween these syndromes, and not all 
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cases of mitochondrial encephalomyo- 
pathy can be classified in this way.’ Al- 
though dementia has been reported in 
mitochondrial disorders, the neuropsy- 
chological correlates of these conditions 
are poorly defined. Cognitive impair- 
ments are usually referred to either in 
global and nonspecific terms, including 
dementia, or only general levels of IQs 
are given in individual case studies. 
This study attempts to delineate the 
neuropsychological deficits in patients 
with mitochondrial myopathies, both in 
terms of general intellectual decline and 
specific focal cognitive impairments. 


PATIENTS AND METHODS 


The medical records of 72 consecutive pa- 
tients with mitochondrial myopathy who 
were investigated at the National Hospitals 
for Neurology and Neurosurgery, London, 
United Kingdom, between the years 1969 
and 1989, were reviewed. Mitochondrial my- 
opathy was defined by the presence of 4% or 
more of muscle fibers showing peripheral mi- 
tochondrial accumulations by using the succi- 
nate dehydrogenase stain.’ Patient num- 
bers, used here, are as given in previous 
publications." Thirty-six of these patients 
had undergone neuropsychological assess- 
ment. With the exception of one patient who 
was first studied in 1973 and subsequently 
reassessed in 1985, all of the patients were 
examined within the years 1978 through 
1987; eight of them were examined on more 
than one occasion. 

The neuropsychological examinations 
aimed to ascertain whether, and to what ex- 
tent, the patients had impairment of higher 
cerebral function. This was assessed by mea- 
sures of general intellectual deterioration 
and deficits on focal cognitive tests. Indexes 
of general intellectual deterioration were cal- 
culated by analyzing discrepancies between 
estimates of premorbid IQ, optimal level of 
general ability, and IQ measures at the time 
of assessment. In 23 patients, optimal levels 
of functioning were estimated on the basis of 
their sight-reading vocabulary by using the 
National Adult Reading Test‘ or the Schonell 


Reading Test.*” In the remaining 13 pa- 
tients, this method could not be used, be- 
cause either they had severe visual impair- 
ment or their reading skills were impaired or 
had never developed satisfactorily. In these 
cases, optimal levels of functioning were esti- 
mated on the basis of educational or other 
developmental attainments, such as degree 
of independence. 

The IQ measures of current general ability 
were obtained by using the Wechsler Adult 
Intelligence Scale” or, in the case of one 
patient, the Wechsler Intelligence Scale for 
Children-revised."’ A discrepancy of 10 or 
more IQ points between estimated optimal 
levels of ability and performance on general 
intelligence tests was considered to indicate 
significant intellectual deterioration. Dis- 
crepancies between 10 and 15 IQ points were 
defined as indicating a mild degree of deterio- 
ration, those between 15 and 30 IQ points 
were thought to indicate a moderate degree 
of deterioration, and for discrepancies of 30 
or more IQ points, deterioration was consid- 
ered to be severe. Patients with long-stand- 
ing intellectual difficulties and/or those in 
whom accurate measures of optimal abilities 
could not be obtained were defined as im- 
paired if their IQs fell below the 10th percen- 
tile. Specifically, they were considered to be 
mildly impaired if their IQs were at a border- 
line level and severely impaired if their IQs 
were in the mentally retarded range. One 
patient’s IQ was within the lower limits of the 
low-average range, but he was considered to 
be mildly impaired since his best score on 
other cognitive tests suggested a higher de- 
gree of optimal general ability. 

Measures of focal higher cerebral impair- 
ments were obtained by using tests of memo- 
ry, language, and perception. These included 
verbal and visual recognition memory 
tests,” recognition tests that employed col- 
ored pictures (E. K. Warrington, FRS, oral 
communication, 1989), tests of sentence com- 
prehension and object naming, ™™* and tests 
of visual perception with regard to fragment- 
ed letters and/or unusual views." Patients 
who scored below the 10th percentile for 
their age group or showed a significant dis- 
crepancy between their performance in focal 
tests and overall level of intelligence (IQ) 


Myopathies—Kartsounis et al 





Cognitive Impairment 






Table 1.—Clinical, Neuropsychological, Imaging, and EEG Data on 36 Patients 
With Mitochondrial Myopathies and Encephalopathies * 















































































































































___e-_:mleooeo 
Patient/ Neuro- Focal 
Features Clinical psychological 1Qt Deficits EEG CT Scan 
Myopathies 

1/OM No None 107 o eP Normal 
2/OMR No None 101 Mem Abnormal Normal 
4/MR No None 100 (0) Normal Normal 
6/M No None 97 ie} Normal Normal 
26/OMR No None 84 0 Normal Normal 
30/OMR No None 122 ie} Normal Normal 
34/0M No Mild 96 (0) Normal Normal 
39/0M No None 117 0 Normal Normal 
44/OMR No Moderate 90 P Normal 
45/0M No Severe 73(V) P,L Abnormal toe 
48/0M No None 119 0 Normal Normal 
68/OMR No None 83 0 Abnormal Normal 
71/M No Moderate 98 Mem Abnormal Normal 
93/0M Mild 110 P Normal 







Encephalopathies 











































































































































































































8/ORAMcCh Yes Mild 72 L Abnormal RETS 

9/OAS Yes Severe UNT L, Mem, P Abnormal Abnormal 
10/ANChDf Yes Severe UNT L, Mem, P Normal Abnormal 
11/MADy Yes Moderate 80 P, Mem Abnormal Abnormal 
12/OADfMc No None 111 P Abnormal Normal 

16/OMRDfA No None 92 (V) L Abnormal 
17 /OMRDfAC No None 87 0 mAs Abnormal 
18/OMRDfAC No None 98 (V) Mem Abnormal Abnormal 
19/OMRAC Yes Mild 90 (V) (0) Abnormal Abnormal 
20/MANDf Yes Moderate 84 L, Mem, P shalt Abnormal 
21/MRODfAt Yes Severe 52 (V) L, Mem, P Abnormal Abnormal 
22/MRANMcDf Yes Severe 55 L, Mem, P Abnormal Abnormal 
32/OMAMc No None 105 Mem Abnormal Abnormal 
49/OnDyAt Yes Severe UNT L, Mem, P Abnormal Abnormal 
50/MRAMc Yes Severe UNT L, Mem, P Abnormal Abnormal 
67 /OMRDfAC No None 95(R) O0 E Abnormal 
76/OMADf Yes Mild 99 Mem Abnormal Abnormal 
78/RSA Yes Mild 81 ie) Abnormal Abnormal 
79/MDfA No Mild 83 Mem, P Abnormal 
80/OMAN No Mild 93 [0] oe Normal 

82/OMRA Yes Severe 43 L, Mem, P Abnormal Abnormal 
86/SNt Yes Severe UNT L, Mem, P Abnormal Abnormal 







* EEG indicates electroencephalographic; CT, computed tomographic; O, ophthalmoplegia; M, limb muscle 


Weakness; B, retinopathy; Mem, memory; P, perception; L, language; A, ataxia; Mc, myoclonus; Ch, chorea; S, 
seizures; UNT, untestable; N, neuropathy; Df, deafness; On, optic neuropathy; Dy, dystonia; and C, cardiac con- 
duction defect. Patient numbers are given as in the reports of Petty et al’ and Holt et al.° Patients 1, 2, 17-19, 
26, 30, 34, 48, 67, and 68 had deletions of muscle mitochondrial DNA,° patient 12 had the myoclonus epilepsy 
with ragged red fibers mutation, and patients 20, 21, 39, 76, 78, 79, and 86 had the mitochondrial encephal- 


opathy, lactic acidosis, and strokelike episodes mutation.?? 
tFull-scale IQs are given, except for V (verbal only) and R (based on Raven's colored matrices). 


Denotes strokelike episodes. 


were considered to have specific cognitive 
deficits. Individuals with marked impair- 
ment of visual acuity were not assessed on 
visual memory tests; memory deficits that 
are mentioned in Table 1 and below are de- 
fined irrespective of modality (verbal or visu- 
al). Similarly, these patients were not as- 
sessed for visual perceptual function or were 
examined only on tests that are not depen- 
dent on high acuity. 


ki RESULTS 


Eighteen of the patients who were 
studied were male and 18 were female, 
with a mean age of 34.8 years (age 
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range, 13 to 63 years)at the time of their 
last assessment. Twenty-three of these 
patients had clinical evidence of central 
nervous system involvement; thus, 
they were defined as having encephalo- 
myopathies, and 14 were thought to be 
cognitively impaired on clinical 
grounds. The neurological features of 
most of these patients were reported by 
Petty and colleagues. Table 1 shows the 
degree of general intellectual deteriora- 
tion and the incidence of focal deficits in 
all of the patients, and also with regard 
to the two broad diagnostic categories 


(encephalomyopathies and myopath- 
ies); the data are summarized in Table 2. 

About two thirds of the patients had 
impairment of higher cerebral function, 
ranging from mild to severe in degree. 
Cognitive deficits were only predicted 
in two thirds of these on clinical 
grounds. Thirteen patients showed a 
moderate to severe degree of general 
intellectual deterioration, including 
three from the myopathy group, and a 
further eight had mild cognitive impair- 
ment. Only two of the 22 patients with 
central nervous system involvement did 
not show any type of cognitive impair- 
ment, both of whom had the Kearns- 
Sayre syndrome. Almost all of the pa- 
tients with moderate or severe general 
intellectual deterioration had, in addi- 
tion, specific focal cognitive deficits of 
language, memory, and perception, and 
four of the eight patients with a mild 
degree of general intellectual deteriora- 
tion presented with one or two focal 
deficits. One third of the patients with- 
out evidence of general intellectual de- 
terioration had one focal cognitive defi- 
cit. Thus, from the total group, only 10 
of 36 patients had normal higher cere- 
bral function. 

The majority of the 26 patients with 
generalized and/or focal cognitive defi- 
cits had abnormalities on computed 
tomographic scans (17 of 23 scanned) 
and/or on electroencephalograms (18 of 
21 studied). All of the patients with se- 
vere cognitive deficits had cerebral at- 
rophy. Two patients without cognitive 
deficits had abnormal computed tomo- 
graphic scans, and one had an abnormal 
electroencephalogram. 

Among the patients with encephalo- 
myopathies, there were three who had 
had strokelike episodes. These patients 
all demonstrated severe generalized in- 
tellectual deterioration, and they had 
severe focal cognitive dysfunction. 
When considering all of the patients, a 
total number of 43 focal cognitive defi- 
cits were recorded in 22 patients (Table 
2). Twelve of them reflected language 
difficulties, 15 reflected perceptual im- 
pairment, and 16 reflected memory 
impairment. 


COMMENT 


This study indicates that the inci- 
dence of cognitive dysfunction in mito- 
chondrial myopathies and encephalo- 
myopathies is 50% higher than that 
predicted by routine clinical assess- 
ment. Computed tomographic (eg, cere- 
bral atrophy or focal areas of low attenu- 
ation) and/or electroencephalographic 
(eg, diffuse slow-wave or paroxysmal 
activity) abnormalities were more sen- 
sitive indicators of impaired cognition 
than a clinical impression of dementia. 
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Table 2.—General Cognitive Function and Focal Cognitive Deficits in 36 Patients 
With Mitochondrial Myopathies and Encephalomyopathies 


Moderate Severe 





No. of patients with myopathies (n = 14) 
Generalized cognitive deterioration 
(with focal deficits) 


9 (1) 


2 (2) 1 (1) 





Focal deficits per patient 1 





No. of patients with encephalomyopathies (n = 22) 


Generalized cognitive deterioration 
(with focal deficits) 


6 (4) 





Focal deficits per patient 





No. of patients (N = 36) 
Generalized cognitive deterioration 
(with focal deficits) 





Focal deficits per patient 


Not surprisingly, cognitive impairment 
appeared to be particularly common in 
patients with mitochondrial encepha- 
lopathy, lactic acidosis, and strokelike 
episodes. 

The pattern of focal deficits in these 
patients did not indicate that any specif- 
ic higher cerebral function is more sus- 
ceptible to impairment than others in 
mitochondrial encephalomyopathies. 
However, a comprehensive analysis of 
all possible focal deficits, such as frontal 
lobe dysfunction, was not undertaken 
here, with the focus being on aspects 
of language, memory, and visual per- 
ception. 

The pathological substrate for higher 
cerebral dysfunction in these disorders 
is not clear. Although patients with mi- 
tochondrial encephalopathy, lactic aci- 
dosis, and strokelike episodes may dem- 
onstrate focal cortical lesions with the 
pathological features of infarction,” and 
many other patients have radiological 
evidence of cerebral atrophy, pathologi- 
cal involvement of the cortex in dement- 
ed patients with most mitochondrial en- 
cephalomyopathies is striking by its 
absence, and there is also rarely evi- 
dence of mitochondrial abnormalities in 
the brain.” The latter observation 
probably relates to difficulties in obtain- 
ing tissue suitable for electron micros- 
copy and to the possibility that there are 
differences in morphological reactions 
between brain and muscle mitochon- 
dria." Despite the lack of microscopic 
cortical pathology, in these patients, ev- 
idence for abnormal cerebral metabo- 
lism has been provided by positron 
emission tomography. Frackowiak and 
colleagues” showed uncoupling of glu- 
cose and oxygen metabolism in patients 
with mitochondrial myopathies and ma- 
jor central nervous system involvement 
(patients 10, 11, 20, and 22 in this 
study), implying aerobic glycolysis to 
lactate and/or other intermediary me- 
tabolites as a result of the underlying 
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respiratory chain defect being ex- 
pressed in the brain. Depression of oxy- 
gen metabolism was correlated with de- 
gree of dementia, as estimated by the 
Wechsler Adult Intelligence Scale. 

Berkovic and coworkers” reported 
rather different positron emission to- 
mography data from studies of patients 
with myoclonus epilepsy with ragged 
red fibers. Both glucose and oxygen me- 
tabolism were reduced with preserva- 
tion of blood flow. The authors suggest- 
ed that, in myoclonus epilepsy with 
ragged red fibers, cortical neurons do 
not increase anaerobic glycolysis but 
adjust to a chronically low oxidative 
rate, resulting in reduced generation of 
adenosine triphosphate. It may be that 
the pattern of cerebral hypometabolism 
depends on the underlying genetic de- 
fect, which is known to be heteroge- 
neous" (Table 1); the neuropsychologi- 
cal consequences are likely to be similar. 

There is a need for caution in inter- 
preting the findings of the present study 
in general. Only 36 of the whole series of 
72 patients with mitochondrial myo- 
pathies were assessed neuropsychologi- 
cally. The majority of patients who were 
not referred for neuropsychological as- 
sessment (and therefore have not been 
included in this study) probably repre- 
sent those who did not appear to be 
cognitively impaired on routine clinical 
examination. This means that the pro- 
portion of patients with mitochondrial 
myopathy who show higher cerebral 
dysfunction is probably overestimated 
here. Patients who have severe forms of 
intellectual impairments may also be 
overrepresented. Nevertheless, even 
in the context of biased sampling, the 
present study suggests that cognitive 
deficits are more widespread among pa- 
tients with these disorders than hither- 
to assumed. 
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WARNING 

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER, 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

‘ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS. 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND AP- 
LASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE. IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar with the 
information. 


details of this prescribing i . particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 
DESCRIPTION 


Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenz[b, f]azepine-5-carboxamide, and its struc- 
tural formula is. 


N 
CONH3 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27. 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin, 
Glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, 
stearic acid, and sucrose (chewable tablets only) 


CLINICAL PHARMACOLOGY 
In controlled clinical tals, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electricalty and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution, thus avoiding undesirably high peak concentrations. Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma levels of Tegretol are variable and may 
range from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 g/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life 
is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours on 
repeated doses. Tegretol is metabolized in the liver. After oral administration of 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces. This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegreto! is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlied studies 
that enrolled patients with the following seizure types: 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types. 
2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General). 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains. 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to tne drug, or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days, or longer if the clinical situation permits. 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity, therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat. ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 


tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 


reticulocytes and serum iron, should be obtained as a baseline. If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function. particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur. The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use, either alone or in 

combination with other drugs. 
Drug Interactiens: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol blood levels is not clearly established. 
although an increase in the ratio of active 10, 11-epoxide metabolite to parent compounc is 
a consistent finding. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine, Propoxyphene. 
isoniazid, fluoxetine or calcium channel blockers has been reported to result in elevated 
plasma levels of carbamazepine resulting in toxicity in some cases. Also. concomitant 
administration of carbamazepine and lithium may increase the risk of neurotoxic side 
effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine, when admmnis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25. 75, and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must. therefore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results. The significance of these findings relative to the use of carbamazepine in 
humans is, at present, unknown. 

Category C: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 1; talipes, 1; 
anophthalmos, 2). In reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations, including spina bifida. Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Only TEGRETOL. 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





Retrospective case reviews suggest that, compared with monotherapy, there may be 2 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy. Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong possibil- 
ity of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confi- 
dence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown. 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from car- 
bamazepine, a decision should be made whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established 


ADVERSE REACTIONS 

it adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards. 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions, particularly during the initial għases of 
therapy, are dizziness. drowsiness, unsteadiness, nausea and vomiting. To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported: 

Hemopoietic System: Aplastic anemia, agranulocytosis, pancytopenia, bone marrow 
depression. thrombocytopenia, leukopenia. leukocytosis. eosinophilia, acute intermittent 
porphyria 

Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). pnatosen- 
sitivity reactions, alterations in skin pigmentation. ‘extoliative dermatitis. erythema multi- 
forme and nodosum, purpura, aggravation of disseminated lupus erythematosus, 
alopecia, and diaphoresis. In certain cases. discontinuation of therapy may be necessary. 
Isolated cases of hirsutism have been reported, but a causal relationship is not clear 
Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, 
hypotension, syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver: Abnormalities in liver function tests, cholestatic and hepatocellular jaundice, 
hepatitis 
Respiratory System: Pulmonary hypersensitivity characterized by tever, dyspnea. pneu- 
monitis or pneumonia. 

Genitourinary System: Urinary frequency. acute urinary retention, oliguria wth elevated 
blood pressure, azotemia, renal failure, and impotence Albuminuria, glycosuna, elevated 
BUN and microscopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol Orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. In dogs. It produced a brownish discoloration, presum- 
ably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg anc higher. 
Relevance of these findings to humans is unknown 
Nervous System: Dizziness, drowsiness. disturbances ot coordination, confusion, head- 
ache, fatigue, blurred vision, visual hallucinations, transient diplopia, oculomotor distur- 
bances, nystagmus, speech disturbances, abnormal involuntary movements, peripheral 
neuritis and paresthesias, depression with agitation, talkativeness, tinnitus, and 
hyperacusis. 

There have been reports of associated paralysis and other symptoms of cerebral arterial 


insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System: Nausea, vomiting, gastric distress and abdominal pain, diarrhea, 
constipation, anorexia, and dryness of the mouth and pharynx, including glossitis and 
stomatitis. 
Eyes: Scattered. punctate, cortical lens opacities, as well as conjunctivitis have been 
reported. Although a direct causal relationship has not been established, many phe- 
nothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System: Aching joints and muscles, and leg cramps. 
Metabolism: Fever and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported. Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion. have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 
Other: isolated cases of a lupus erythematosus-like syndrome have been reported. There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 

A case of aseptic meningitis. accompanied by myoclonus and peripheral eosinophilia 
has been reported in a patient taking carbamazepine in combination with other medica- 
tions. The patient was successfully dechallenged, and the meningitis reappeared upon 
rechallenge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans. 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man), Highest known doses 
survived: adults, 30 g (31-year-old woman); children, 10 g (6-year-old boy); small 
children, 5 g (3-year-old giri). 

Oral LD 50 in animals (mg/kg): mice, 1100-3750: rats, 3850-4025; rabbits, 1500-2680: 
guinea pigs, 920. 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the 
most prominent. Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular breathing, respiratory depression 
Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders 
Nervous System and Muscies: Impairment of consciousness ranging in severity to deep 
coma. Convulsions, especially in small children. Motor restlessness, muscular twitching. 
tremor, athetoid movements, opisthotonos, ataxia, drowsiness, dizziness. mydnasis 
nystagmus, adiadochokinesia. ballism, psychomotor disturbances, dysmetria. Initial 
hyperreflexia, followed by hyporeflexia 
Gastrointestinal Tract: Nausea, vomiting 
Kidneys and Bladder: Anuria or oligunia, urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count, glycosuria and acetonuria. EEG may show dysrhythmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same time, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 


The prognosis in cases of severe poisoning 1s critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specific antidote 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated, especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption: Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure. Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression: Keep the airways free, resort if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander It 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered 
Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma. However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes, and kidney and bladder function should be monitored for 
several days 

Treatment of Blood Count Abnormalities. \{ evidence of significant bone marrow depres- 
sion develops. the following recommendations are suggested: (1) stop the drug, (2) 
perform daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies, (3) peripheral blood ceil typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for Ap and F hemoglobin, and (7) serum 
folic acid and B49 levels 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. for which specialized consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of biood levels has increased the efficacy and satety of anticonvulsants (see 
PRECAUTIONS, Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b \.d. Increase at weekly 
intervals by adding up to 200 mg per day using atid. or gid. regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age, and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.\.d. Increase at weekly intervals by adding 
100 mg per day using at.i.d. or g.i.d. regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 


C), 

Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg b i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control ot pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg— round. red-speckled. pink. single-scored (imprinted Tegretol 
‘on one side and 52 twice on the scored side) 


Bottles of 100 NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 58887-052-32 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 


Bottles of 100 NDC 58887-027-30 

Bottles of 1000 NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 

(stnps of 10) NDC 58887-027-32 


Samples, when available, are identitied by the word SAMPLE appearing on each tablet 
Protect from moisture 

Dispense in tight container (USP) 

Also available as. Tegretol suspension 100 mg/S mi. in 450 ml bottles. 
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In Vivo Phosphorus Magnetic Resonance 


Spectroscopy in Multiple Sclerosis 


J. M. Minderhoud, MD, PhD; E. L. Mooyaart, MD, PhD; 
R. L. Kamman, PhD; A. W. Teelken, PhD; M. C. Hoogstraten, MD; 
L. M. Vencken, MD; E. J.s Gravenmade, PhD; W. van den Burg, PhD 


e Localized phosphorus magnetic reso- 
nance spectroscopy at 1.5 T was performed 
in 39 patients with multiple sclerosis and in 
15 healthy controls. The multiple sclerosis 
spectra showed increased creatine phos- 
phate levels. This increase was correlated 
with the severity of the handicap and was 
greater in patients with a progressive course 
ofthe disease than in patients with relapsing- 
remitting disease. No clear abnormalities 
were observed in the spectra of patients with 
multiple sclerosis regarding the phospho- 
monoesters, phosphodiesters, inorganic 
phosphate, and -adenosine triphosphate 
or with respect to pH values. There was an 
increased creatine phosphate level in the 
spectra in relation to a low metabolic state of 
the brain. 

(Arch Neurol. 1992;49:161-165) 


n recent years, magnetic resonance 
* ~~ spectroscopy (MRS) has been per- 
formed in patients with various afflic- 
tions of the brain, ™® including strokes,“ 
meningitis,’ tumors,™” and migraine.” 
In children with hypoxic-ischemic brain 
lesions, MRS has been performed to 
study alterations in cerebral metabo- 
Hom. 

An MRS study on autopsy specimens 
of brain with Alzheimer’s disease 
showed a correlation between the num- 
ber of senile plaques and the levels of 
phosphomonoesters (PMEs) and phos- 
phodiesters (PDEs). ® 

Patients with multiple sclerosis (MS) 
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were examined with phosphorus MRS 
in a study on human cerebral metabo- 
lism in a range of disorders with either 
primary or secondary cerebral involve- 
ment.” In three of seven patients with 
MS, a slight reduction of pH was ob- 
served; in three others, a reduction of 
the phosphocreatine/B-adenosine tri- 
phosphate (PCr/ßB-ATP) ratio was 
noted, and in one patient an increased 
level of PMEs was observed. Narayana 
et al” studied dynamic changes in MS 
plaques to distinguish active demyelin- 
ating lesions from inactive lesions. Ar- 
nold et al” presented preliminary data 
showing a significant decrease of N-ace- 
tyl-aspartate in the proton MR spectra 
of patients with MS.” 

With the use of phosphorus MRS, we 
found, ina pilot study, a reduction of the 
level of PDEs in patients with MS com- 
pared with healthy controls.” In the 
present study, larger groups of patients 
and controls were studied. 


SUBJECTS AND METHODS 


The study involved 39 patients with MS (12 
men and 27 women; age range, 22 to 71 years; 
mean age, 40.2 years) with a clinical or lab- 
oratory-supported definite diagnosis of MS.” 
Of these patients, 17 had a relapsing-remit- 
ting course of the disease, 11 had a relapsing- 
progressive course, and 11 had a chronic 
course. The healthy controls consisted of 13 
volunteers (five men and eight women; age 
range, 23 to 57 years; mean age, 38.7 years) 
without clinical signs and symptoms and with 
anormal magnetic resonance imaging scan. 

Clinical data included the duration of signs 
and symptoms, the duration of the progres- 
sive phase of the disease, and the score on the 
extended disability status scale (EDSS). 

The clinical severity of the disease was 
measured with the EDSS, with scoring per- 
formed on the day spectroscopy was per- 


formed. Magnetic resonance spectroscopy 
was performed with a 1.5-T whole-body im- 
aging system (Gyroscan S15, Philips Medical 
Systems, Best, the Netherlands). Spatially 
resolved phosphorus MRS was performed 
with a modified image-selected in vivo spec- 
troscopy technique to measure simulta- 
neously two volumes of 140 cc each in both 
hemispheres. The middles of the volumes 
were located in the central semiovale.” Both 
signals were added to create a spectrum of a 
280-ce volume. A total of 512 free induction 
decays were measured with an interpulse 
delay of 3 seconds. All spectra were quanti- 
fied by a time domain-fitting technique, with 
a nonlinear optimization procedure.” Five 
peaks in the spectra were studied, represent- 
ing the amounts of PMEs, PDEs, phospho- 
creatine (PCr), B-ATP, and inorganic phos- 
phate (Pi), respectively. Figure 1 shows an 
example of the spectrum ofa patient with MS 
as a result of the fitting procedure; the upper 
line contains the spectrum after minimal fil- 
tering, the middle line contains the best fit 
from the optimization run, and the lower line 
shows the difference spectrum containing re- 
sidual noise. 

For a first statistical analysis, the ratios 
PME/B-ATP, Pi/B-ATP, PDE/R-ATP, and 
PCr/B-ATP were computed. These ratios 
have also been considered in previous studies 
on spectroscopy in MS." The assumption 
for the use of these ratios is that B-ATP is a 
stable marker of energy metabolism and is 
not changed by diseases such as MS. In the 
second phase, the peak areas were divided by 
the sum of all five peak areas, yielding peak 
area percentages. With the application of the 
multiple regression/correlation method,” 
two kinds of statistical analysis were per- 
formed regarding these data. 

In analysis 1, the question of whether the 
ratios to B-ATP in the group of patients with 
MS differed from those»ingthe group of 
healthy controls was,addressed. “Analysis 2 
concerned the question. of whether, “within 
the group of patients with MS, the ratios to B- 
ATP were related fo (1) the degvee of handi- 
cap (EDSS score) end (2) the course of the 
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Fig 1.— Phosphorus magnetic resonance spectrum of a patient with multiple sclerosis. A indicates 
the virginal spectrum obtained from the patient; B, the fitted curve generated from A by a 


mathematical procedure with the use of a time 
obtained from the difference between A and B. 


domain-fitting technique; and C, the spectrum 
PME indicates phosphomonoester; Pi, inorganic 


phosphate; PDE, phosphodiester; PCr, phosphocreatine; and ATP, adenosine triphosphate. 


disease (relapsing-remitting vs progressive 
disease). For an overall F test regarding the 
first issue, the squared multiple correlation 
(Rô) was considered between the four ratios 
to B-ATP, and a contrast variable (MS vs 
control [MvC]) was created to distinguish 
between patients with MS (score, 1) and con- 
trols (score, 0). Similarly, for overall tests 
concerning the second question, R? values 
were considered regarding the four ratios to 
B-ATP on the one hand and (1) the EDSS 
score and (2) another contrast variable (pro- 
gressive vs relapse [PvR]) on the other hand, 
created to distinguish between patients with 
a progressive course (score, 1) and those with 
arelapsing-remitting course (score, 0). Ifany 
of the R? values proved to be statistically 
significant, the next step in the regression 
analysis would be to determine—by means of 
backward elimination, with application of a 
criterion of P=.05—which ratios to B-ATP 
appeared to be decisive in producing the sig- 
nificant R° value. We used the computer pro- 
gram SPSS, PC version 3.0." 

For a second statistical analysis, we con- 
sidered ratios to the sum of all five peak areas 
instead of ratios to B-ATP. The reason for 
doing this was that, although it seems theo- 
retically probable, it is not certain that the B- 
ATP peaks are not changed in MS. Further- 
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more, the assessment of the several peak 
areas, which are meant to measure a stable 
and typical “brain state” of an individual, is 
inevitably subject to error (1) because of the 
measurement procedure and (2) because of 
within-subject changes from moment to mo- 
ment and from day to day. If a ratio of two 
peak areas is then computed with a rather 
small peak area in the denominator, this ratio 
may be unreliable. By using ratios to the sum 
of all five peak areas, we hoped to (partly) 
find a more reliable result. The ratios, being 
in essence peak area percentages of total 
seven peak areas were denoted accordingly, 
eg, by PME%. 

A possible drawback may be that this ap- 
proach leads to negative correlations be- 
tween the measures: if one percentage is 
high, there is less “room” for another per- 
centage to be high, and, given four percent- 
ages, the fifth is fixed. However, by applying 
the strategy of “backward” regression analy- 
sis as outlined above, this does not need to 
present difficulties. With the use of peak area 
percentages, the same analyses were per- 
formed as those in which ratios to B-ATP 
were used. In analysis 3, the question of 
whether patients with MS differed from 
healthy controls was addressed. In analysis 
4, relationships concerning the measures of 


MS severity were at issue. For overall F 
tests, an arbitrary subset of four of the five 
percentages was included in the regression 
analyses (the fifth being redundant). The an- 
alyses were performed with the use of both 
the percentages as measured and arcsine 
transformations of these values.” The re- 
sults were similar. For the sake of brevity, 
we will only present the results regarding 
the percentages as measured. 

A separate analysis was performed on the 
PCr/Pi ratio. This ratio, recognized as an 
index for the brain phosphorylation poten- 
tial,” provides information regarding the en- 
ergy status of the brain. In addition, cerebral 
pH was calculated from the chemical shift of 
the Pi and PCr with the use of a form of the 
Henderson-Hasselbalch equation. 


RESULTS 


Table 1 contains means and SDs of all 
relevant variables in the control group 
and in the MS group, the latter group 
having also been analyzed according to 
the course of the disease. Whenever it 
could be concluded, on the basis of the 
regression analyses, which follow, that 
groups means differed significantly, 
this is indicated in Tables 1 through 3. 


Analysis 1: Patients With MS vs Controls, 
With Ratios to B-ATP 


The R? value between the contrast 
variable MvC, distinguishing between 
controls and patients with MS, and the 
four ratios to B-ATP amounted to .23 
(F[4,47]=3.49, P<.02). Backward re- 
gression analysis revealed that only the 
PDE/g-ATP and PCr/B-ATP ratios ac- 
counted for this significant result. The 
R? between MvC and these two ratios 
was also .23 (F[2,49]=7.16, P<.002). 
The PDE/B-ATP ratio was decreased in 
the MS group on average, and the 
PCr/R-ATP ratio increased (Table 1). It 
is remarkable, however, that neither 


the PCr/B-ATP ratio nor the PDE/B-~ 


ATP ratio per se discriminated between 
controls and patients with MS, but only 
in combination (ie, the partial correla- 
tion between MvC and the PDE/B-ATP 
ratio, controlling for the PCr/B-ATP ra- 
tio, was significant, as was the partial 
correlation between MvC and the 
PCr/B-ATP ratio, controlling for the 
PDE/-ATP ratio, but the unpartialed 
correlations were not). Table 2 shows 
the separate correlations between the 
variables. Furthermore, considerable 
correlations appear to exist between 
PME/f-ATP, PDE/B-ATP, and PCr/B- 
ATP ratios. The Pi/B-ATP ratio corre- 
lates only with the PCr/B-ATP ratio. 


Analysis 2: Within the MS Group Analysis, \ $ 


With Ratios to 8-ATP 


The R? value of the four ratios to B- 
ATP with the EDSS score was .36 
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Table 1.—Peak Area Ratios and Peak Area Percentages* 


Patients With Patients With Patients With 






























































































Controls MS Relapsing-Remitting MS Progressive MS 

Variable (n = 13) (n = 39) (n = 17) (n = 22) 
PME/8-ATP ratio 1.11 (0.54) 1.05 (0.39) 1.02 (0.26) 1.07 (0.47) 
Pi/8-ATP ratio 0.30 (0.09) 0.36 (0.10) 0.36 (0.11) 0.36 (0.10) 
PDE/6-ATP ratio 5.70 (1.27) 5.11 (1.10) 4.99 (1.20) 5.19 (1.04) 
PCr/B8-ATP ratio 0.73 (0.18) 0.83 (0.19) 0.75 (0.19) 0.89 (0.17) 
PME%t 12.2 (3:1 12.4 (2.6) 12.6 (2.5) 12.2 (2.6) 
Pi% t 3.6 (1.3) 4.3 (1.2) 4.4 (1.0) 4.3 (1.4) 
PDE% t 64.4 (3.6) 61.0 (3.4)t§ 61.1 (4.0) 60.9 (2.9) 
PCr% t 8.3 (1.2) 10.0 (1.5)]| 9.3 (1.4) 10.5 (1.4) 
B-ATP% t 11.6 (1.7) 12.4 (2.1) 12.7 (2.4) 12.1 (1.8) 
PCr/Pi ratio 2.60 (0.95) 2.41 (0.56) 2.19 (0.47) 2.58 (0.58) 
EDSS score ER 4.1 (2.1) 1.9 (1.0) 5.8 (0.8)| 
pH 7.00 (0.04) 7.03 (0.08) 7.02 (0.07) 7.04 (0.085) 


* The test for a mean difference between patients with multiple sclerosis (MS) and controls (Cs) is the same 
as the test for a correlation of a contrast variable (MS vs control [MvC) with the peak index in question (see 
Table 2); the test for a mean difference between patients with relapsing-remitting MS (R) and those with pro- 
gressive MS (P) is the same as the test for a correlation of a contrast variable (progressive vs relapse [PvR]) 
with the peak index in question (see Table 3). The P values listed for the accolade means that patients with MS 
and controls differed only with regard to the phosphodiester /8—adenosine triphosphate (PDE/8-ATP) and phos- 
phocreatine (PCr)/@-ATP values when these were considered simultaneously. Values are mean (SD). PME in- 
dicates phosphomonoester, Pi, inorganic phosphate; and EDSS, extended disability status scale. 

tls the peak percentage of the defined compound from the total seven-peak areas (PME + 
Pi + PDE + PCR + dATP + BATP + ATP). 

+P < .01 (two-sided). 

§Difference in PDE% values could be explained by the difference in PCr% values. 

IP < .001 (two-sided). 


Table 2. —Correlations in Patients With Multiple Sclerosis and Control Subjects 


MvC PME/£-ATP Pi/8-ATP PDE/6-ATP PCr/B-ATP 





MvC 

PME /8-ATP 
Pi/p-ATP 
PDE/8-ATP 
PCr/8-ATP 


PCr% B-ATP% 


1.00 


* The P values listed for the accolade means that only in relationship to each other were the Phosphodiester/ 
x% ß-adenosine triphosphate (PDE / ß-ATP) and phosphocreatine (PCr) / 8-ATP related to the contrast variable MvC, 

created to distinguish between patients with multiple sclerosis (score, 1) and healthy controls (score, 0). PME 
indicates phosphomonoester; Pi, inorganic phosphate. See dagger footnote in Table 1 for explanation. 

tP < .001, two-sided, if separate tests were performed on each individual correlation. 

P < .01, two-sided, if separate tests were performed on each individual correlation. 

§The correlation between MvC and PDE% per se is significant, but this correlation could be explained by the 
correlation between MvC and PCr% and between PDE% and PCr%. 

||P < .05, two-sided, if separate tests were performed on each individual correlation. 





(F[4,34]=4.73, P<.005), and the R? val- 
ue with the contrast variable PvR, dis- 
tinguishing between patients with a 
progressive disease course and those 
with relapsing-remitting disease, was 
.26 (F[4,34]=2.94, P<.04), Subsequent 
backward regression analyses all re- 
vealed that these significant results 
were only produced by the correlations 
with PCr/B-ATP. The more severely 
handicapped patients and patients with 
a progressive course of MS had relative- 
ly high PCr/8-ATP values. Table 3, 
which contains all correlations, shows 
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this clearly and shows also that the 
EDSS scores and the PvR scores were 
highly correlated. 


Analysis 3: Patients With MS vs Controls, 
With Peak Area Percentages 


The R? value between the contrast 
variable MvC, distinguishing between 
controls and patients with MS, and four 
of the five peak area percentages 
amounted to .23 (F[4,47] =3.42, 
P<.02). Table 2, which contains the sep- 
arate correlations of the variables, 
shows that the correlations of MvR with 


PDE% and PCr% are both substantially 
greater than those with the PDE/p- 
ATP and PCr/B-ATP ratios and are 
both per se significant at P=.01 and 
P=.001, respectively. Backward re- 
gression analysis, however, revealed 
that the only decisive peak area per- 
centage was PCr%. Due to the negative 
correlation between PDE% and PCr%, 
the correlation of MvC with PDE% 
could be explained by the correlation of 
MvC with PCr%. 


Analysis 4: Within MS Group Analysis, 
With Peak Area Percentages 


The R? value of four of the five peak 
area percentages with the EDSS score 
was .39 (F[4,34]=5.47, P<.002), and 
the R° value with the contrast variable 
PvR, distinguishing between patients 
with a progressive course and those 
with relapsing-remitting disease, was 
.28 (F[4,34]=3.25, P<.03). Subsequent 
backward regression analyses revealed 
that these significant results were only 
produced by the correlations with 
PCr%. Table 3 shows that the correla- 
tions of PCr% with the EDSS score and 
with PvR are somewhat more marked 
than those with the PCr/B-ATP ratio. 

The separate analysis on the PCr/Pi 
ratios yielded the result that patients 
with MS and controls did not differ, the 
controls having, on average, somewhat 
higher scores. Unexpected and curious 
was that this ratio in patients with MS 
with a progressive course was signifi- 
cantly higher, thus more close to the 
control situation than in patients with 
MS with a relapsing-remitting course 
(P<.04, two-sided). Table 1 gives the 
means. Cerebral pH values did not dif- 
fer among the groups (Table 1). 


COMMENT 


Magnetic resonance spectroscopy has 
only very recently become a tool for use 
in clinical research.” In MS, magnetic 
resonance imaging has already proved 
to be worthwhile as a diagnostic tool, 
although the physiologic and chemical 
backgrounds of the magnetic resonance 
imaging scans are still a matter for re- 
search. This is even more true for MRS, 
not only because the interpretation of 
the spectra is still open for discussion 
but also because of the technical aspects 
in obtaining workable spectra. Until 
now, the spectra of only a small number 
of patients with MS have been exam- 
ined." A decrease of the PCr/g-ATP 
ratio and an increase of the PME/B-ATP 
ratio were found. In contrast, the pres- 
ent study indicated increased PCr/p- 
ATP values in patients with MS. The 
clinical measures of MS severity (EDSS 
score and a progressive course of the 
disease) correlated significantly with 


Magnetic Resonance Spectroscopy in Multiple Sclerosis—Minderhoud et al 163 











Table 3.—Correlations for Patients With Multiple Sclerosis Only (N = 39)* 


















PCr/6-ATP 484 -37t -63t 








* EDSS indicates extended disability status scale; 


EDSS PvR  PME/§-ATP Pi/8-ATP  PDE/8-ATP PCr/B-ATP 
EDSS 1.00 
PvR -91¢ 1.00 
PME/8-ATP -13 .07 1.00 
Pi/B-ATP -09 .02 -19 1.00 
PDE/6-ATP 2 -09 -70t 23 1.00 


-54t -62T 1.00 
PDE% PCr% 









B-ATP% 











PvR, contrast variable created to distinguish patients with 


multiple sclerosis with a progressive course from those with a relapsing-remitting course; PME, phosphomo- 
noester; 8-ATP, B-adenosine triphosphate; Pi, inorganic phosphate; PDE, phosphodiester; and PCr, phos- 
phocreatine. See dagger footnote in Table 1 for explanation. 

+P < .001, two-sided, if separate tests were performed for each individual correlation. 

+P < .01, two-sided, if tests were performed for each individual correlation. 

§P < .05, two-sided, if tests were performed for each individual correlation. 
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Fig 2.—Relationship between extended disability status scale (EDSS) score and phosphocreatine 
(PCr%) values in healthy controls (circles), patients with a relapsing-remitting course of multiple 
sclerosis (open triangles), and patients with a progressive course of multiple sclerosis (solid 


triangles). 


this measure, while the PCr/B-ATP ra- 
tio also discriminated between controls 
and patients with MS, although only 
when the PDE/f§-ATP values were con- 
trolled for. 

The PDE/B-ATP ratio generally 
tended to be somewhat decreased in the 
patients with MS, as we found to be 
more clearly the case in a pilot study,”” 
but there was no correlation with the 
severity of the disease (EDSS scores 
and a progressive course of illness). 

We found no evidence that the 
PME/B-ATP ratio or the Pi/B-ATP ratio 
was related to MS. While the more se- 
verely ill patients clearly tended to have 
higher PCr/Pi values than the less se- 
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verely ill patients, the total group of 
patients with MS did not differ from the 
controls on this measure. 

The analyses based on peak area per- 
centages were comparable with those 
based on the ratios to B-ATP but were 
more clear-cut and stronger. Evidence 
for this was found not in the overall tests 
of significance but in the results of back- 
ward regression analysis. It became 
clear in these analyses that the PCr 
peak is higher in patients with MS, in- 
creasing with increasing disease sever- 
ity, while none of the other peaks 
seemed related to MS; Fig 2 shows this 
relationship. The comparison of the re- 
sults in the present study with the use of 


either ratios to B-ATP or peak area per- 
centages does suggest that the latter 
method may also be used profitably in 
other studies. 

Phosphocreatine is generally related 
to energy metabolism of tissues. Brain 
in a low metabolic state, such as under 
anesthesia, during hypothermia, or 
during sleep, shows increased levels of 
PCr.” Low glycolytic flow induced by 
acetyl-L-carnitine gives rise not only to 
an increased lipid metabolism but also to 
an increased PCr content.” Moreover, a 
decrease in intracellular magnesium 
gives rise to an increased PCr level.” All 
of these described conditions increase 
the PCr levels of brain tissue without 
affecting the B-ATP content. 

Cells that invade the central nervous 
system in MS are macrophages, granu- 
locytes, and lymphocytes. These cells 
probably do not contribute to the ele- 
vated PCr levels because their PCr con- 
tent is much lower than in brain tis- 
sue." Astrocytes (gliosis) also proba- 
bly do not contribute to the elevated 
PCr levels because their PCr content is 
comparable with that of other brain 
cells.” 

In our group of patients, the volume 
of interest contained from five to more 
than 30 visible lesions. Consider a value 
of 30 lesions in this volume, a volume of 
1 mL per lesion, and an increase of 22% 
PCr in chronic progressive MS (Table 
1). If the elevation of the PCr level is 
only confined to the lesions, it should 
give an increase of 280/30 x 22 = 154%, 
which is improbable. The maximum in- 
crease of the PCr level during anesthe- 
sia is 40%.” It can thus be assumed that 
the increased PCr level in, eg, chronic 
progressive MS, has to be attributed to 
a larger area than that containing the 
visible lesions. In agreement with this 
assumption are the findings that macro-=* 
scopically normal white matter has 
changed membrane proteins” and is 
also histologically abnormal.” 

In conclusion, we can say that the 
elevated PCr levels in the brain with MS 
can be attributed to a low metabolic 
state that is present in both macroscopi- 
cally normal white matter and lesions. 

In the future, high-resolution mag- 
netic resonance studies, possibly in con- 
junction with biochemical investiga- 
tions in animal models, can provide 
more insight into the meaning of the 
increased levels of PCr in the brain of 
patients with MS in relation to a possi- 
ble changed metabolic state. 
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è Brain-stem auditory evoked potentials 
were recorded in 35 human immunodeficien- 
cy virus (HIV)-seropositive subjects from the 
Centers for Disease Control groups Ill and IV, 
24 HIV-negative drug abusers, and 62 normal 
healthy controls. None of the patients had 
evidence of neurological complications. His- 
tory of alcohol consumption was an exclu- 
sion criterion. The values of central conduc- 
tion times l-V and IIl-V showed significant 
differences between the HIV-seropositive 
subjects and normal healthy controls, as well 
as between the HIV-seropositive subjects 
and HIV- negative drug abusers. Central con- 
duction times I-III showed no differences be- 
tween groups, except in the left ear of Cen- 
ters for Disease Control group IV compared 
with controls. No statistical differences were 
found in the central conduction times be- 
tween HIV-negative drug abusers and normal 
healthy controls. The results suggest a sub- 
clinical involvement of the upper brain stem 
in HIV infection. It could be produced by di- 
rect action of the virus on central nervous 
system structures. 

(Arch Neurol. 1992;49:166-169) 


ervous system (NS) complications 
in acquired immunodeficiency syn- 
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drome (AIDS) may occur from opportu- 
nistie infections and neoplasms or 
from direct human immunodeficiency 
virus (HIV) infection of the NS,”° ie, 
dementia,” spinal cord degeneration,” ” 
and distal symmetrical polyneurop- 
athy.™ The neurotropism of the HIV 
has been demonstrated by the finding of 
viral DNA sequences in brain tissue 
from patients with AIDS encephalopa- 
thy.” It has also been isolated from the 
cerebrospinal fluid and nerve tissues of 
patients with neurological complica- 
tions due to AIDS."” In addition, the 
finding of intra-blood-brain barrier syn- 
thesis of HIV-specific IgG suggests that 
the virus may play a key role in the 
pathogenesis of the neurological dys- 
function.” 

The detection of subclinical brain- 
stem involvement in AIDS by means of 
brain-stem auditory evoked potentials 
(BAEPs) is not as well documented.” 
The goal of this work was to compare 
the BAEPs of HIV-positive subjects 
(HIV-PSs) from Centers for Disease 
Control (CDC) groups III and IV with 
two control groups: HIV-negative drug 
abusers (HIV-NDAs) and normal 
healthy controls (NHCs). 


SUBJECTS AND METHODS 
NHCs 


The NHCs were 56 male and six female 
volunteers whose ages ranged from 19 to 55 
years (mean age, 34.6 years). Drinking and 
medical histories were obtained and neuro- 
logical examinations were performed. Only 
subjects with normal results on neurological 
examination and without a history of alcohol 
consumption or drug abuse were accepted for 


the study. Informed consent was obtained 
after the nature of the procedure had been 
fully explained. 


HIV-NDAs 


Twenty-four HIV-negative subjects (20 
male and four female subjects, aged 17 to 
51 years [mean age, 25.5 years]) who had a 
history of drug abuse but who had no history 
of alcohol consumption (<20 g/d) were ac- 
cepted for the study. Subjects with patholog- 
ical conditions that might involve the NS 
were excluded. Drugs usually consumed 
were cocaine, opioids, benzodiazepines, and 
marijuana. 


HIV-PSs 


Thirty-five HIV-PSs whose conditions 
were diagnosed by the enzyme-linked im- 
munosorbent assay and confirmed by immu- 
nofluorescence (Cem-Lav Cells Institute 
Pasteur, Paris, France) were submitted for 
the study. Thirty-two were male and three 
female; ages ranged from 18 to 50 years 
(mean age, 29.8 years). Thirteen of them 
were homosexual, 16 were drug abusers, and 
six were homosexual drug abusers. The diag- 
nosis was made according to the criteria of 
the CDC.” Centers for Disease Control 
group III includes patients with persistent 
generalized lymphadenopathy, and CDC 
group IV includes patients in the following 
categories: IVa, slim disease; IVb, HIV en- 
cephalopathy; IVc1, major opportunistic in- 
fections; IVc2, other opportunistic infec- 
tions; IVd, secondary cancers; and IVe, 
other conditions. Twenty-five of the patients 
were classified as belonging to CDC group 
III and 10 to CDC group IV. To avoid possi- 


ble sources of alterations of the BAEPs, pa-,. ¢ 


tients with opportunistic infections or tu- 
mors that involved the central nervous 
system (CNS) were excluded from the study. 
Drugs consumed by the drug abusers were 
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NHCs HIV-PSs HIV-NDAs 

(n = 62) (n = 35) (n = 24) 
4.01 + 0.15 4.18 + 0.21ł 3.99 + 0.22ł 
1.91 + 0.17 2.01 + 0.21ł 1.92 + 0.19ł 
2.10 + 0.17 2.15 + 0.18 2.09 + 0.23 
LV 4.00 + 0.17 4.19 + 0.24t 4.00 + 0.20ł 
Ill-V 1.90 + 0.15 2.02 + 0.22ł 1.92 + 0.25ł 
Lil 2.41 + 0.17 2.14 + 0.17+¢ 2.07 + 0.26¢ 


* HIV-PS indicates human immunodeficiency virus—positive subject; CCT, central conduction time; NHC, nor- 


mal healthy control; and HIV-NDA, HIV-negative drug abuser. Values are mean + SD. 


tP < .01, comparison with Preceding group. 
+P > .05, comparison with preceding group. 


Table 3.—Comparison of Patients From CDC Groups Ill and IV vs Control Groups on 
ccT* 


CDC Group Ill 
(n = 25) 


NHC 
(n = 62) 


CDC Group IV 
(n = 10) 





4.12 + 0.20 


4.01 + 0.15t¢ 4.32 + 0.17} 





1.94 + 0.19 


1.91 + 0.17§ 2.16 + 0.16¢ 





2.16 + 0.19 


2.10 + 0.17§ 2.17 + 0.13§ 





4.13 + 0.17 


4.00 + 0.17t¢ 4.39 + 0.22¢ 





1.98 + 0.21 


1.90 + 0.15§ 2.17 + 0.20f 





2.12 + 0.18 


NHC, normal healthy control. Values are mean + SD. 
tP < .05, comparison with preceding group. 
P < .01, comparison with preceding group. 
§P > .05, comparison with preceding group. 


the same as in HIV-NDAs. Patients who had 
a history of alcohol consumption or other 
pathological conditions that might affect the 
NS were excluded. All patients had normal 
hearing, and none of them had neurological 
signs at the time BAEPs were performed. 


Methods 


The BAEP recordings were made in an 
isolated room under standard conditions us- 
ing an averaging system (Akonic 2001, 
Akonic SA, Buenos Aires, Argentina). All 
cases had normal hearing determined by au- 
diogram. The stimulus was a square-wave 
compression click of 0.1-millisecond dura- 
tion, delivered monaurally through ear- 
phones at a repetition rate of 9 Hz and at an 
intensity of 60 dB normal hearing level. Per- 
cutaneous surface disk electrodes were 
placed at the vertex (active electrode) and at 
both ear lobes, with the reference electrode 
always being placed ipsilateral to the ear 
being stimulated and the ground electrode at 
the opposite side. Amplifier band width was 
300 to 3000 Hz (3-dB down points). A total of 
1024 responses were averaged in the first 
10 milliseconds following each click stimulus. 
At least two trials were performed for each 
run to ensure the reproducibility of the re- 
sults. The responses were recorded on an x-y 
plotter. Waves I to V were identified accord- 
ing to conventional methods. Central con- 
duction times (CCTs) I-V, III-V, and I-III 
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* CDC indicates Centers for Disease Control (groups explained in text); CCT, central conduction time; and 


were measured from the absolute latencies. 
If there was difficulty in identifying wave I, 
or if this wave had its latency in a value that 
was more than 2 SDs (>1.9 milliseconds), the 
case was excluded from the study. 

The nonpaired t test was employed to com- 
pare the means between groups. Percent- 
ages of patients with abnormal BAEPs were 
calculated from values that were more than 
2.5 SDs with respect to the normal mean. 
The x? test was used to compare the percent- 
ages of patients with abnormal BAEPs be- 
tween CDC groups III and IV. A two-way 
analysis of variance (ANOVA) was per- 
formed to investigate the influence of inter- 
action between HIV infection and drug- 
abuse factors. 


RESULTS 


Table 1 shows that CCTs I-V and 
II-V were significantly higher in HIV- 
PSs than in both control groups (NHCs 
and HIV-NDAs). Comparison of I-III 
interpeak latencies showed no signifi- 
cant differences between groups, al- 
though the individual values of the HIV- 
PSs were at the top of the normal range. 
No significant differences were found 
between NHCs and HIV-NDAs in the 
CCTs I-V, III-V, and I-III (P>.05), 
Comparing HIV-PSs who had a drug- 





Table 2.—Comparison of HIV-Positive 
and HIV-Negative Drug Abusers on 
CCT* 










HIV-Positive 
(n = 22) 






HIV-Negative 
(n = 24) 
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z 4.18 + 0.24 4.00 + 0.20ł 
Ill-V 2.01 + 0.21 1.92 + 0.25¢ 
till 2.15 + 0.17 2.07 + 0.26 





“HIV indicates human immunodeficiency virus; 
CCT, central conduction time. Values are mean 
+ SD. 





Table 4.—Patients From CDC Groups 
Ill and IV With Abnormalities of 
BAEPs* 













CDC Group Ill 
(n = 25) 


CDC Group IV 
(n = 10) 












4 (16) 
3 (12) 
o (0) 


3 (30) 
2 (20) 
1 (10) 













- 3 (12) 3 (30) 
ill-V 2 (8) 4 (40) 
Ll o (0) 1 (10) 


*CDC indicates Centers for Disease Control 
(groups explained in text); BAEP, brain-stem auditory 
evoked potential; and CCT, central conduction time. 
Values are number (percent). 


abuser condition and HIV-NDAs, sta- 
tistical differences were found in CCTs 
I-V and III-V of both ears (Table 2). 

In Table 3, patients from CDC groups 
III and IV were compared with NHCs. 
We can see that the mean values of the 
interpeak latencies were higher in pa- 
tients from CDC group III than in con- 
trols, but only CCT I-V of both ears 
reached significant differences. On the 
other hand, CCTs I-V and III-V of both 
ears and CCT I-III of the left ear were 
significantly higher in CDC group IV 
than in the control group. 

A comparison of patients from CDC 
groups III and IV showed higher values 
of CCTs in the latter group. The most 
prominent differences were seen in 
CCT I-V (P<.02 in the right ear and 
P<,01 in the left ear) and in CCT II-V 
(P<.01 in the right ear and P<.05 inthe 
left ear). No significant differences 
were seen between those groups in 
CCTs I-III (P>.05). 

Table 4 gives the numbers and per- 
centages of patients with values of 
CCTs that were more than 2.5 SDs with 
respect to the normal mean. We can see 
that these values were higher in CDC 
group IV than in CDC group III. The y’ 
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3.6-3.9 





O NHC 
CDC Ill 
CDC IV 


— 


Central Conduction Time, ms 


Percentages of patients and normal controls as a function of l-V central conduction times. NHC 
indicates normal healthy controls; CDC, Centers for Disease Control (groups III and IV). 


test showed that the percentages of pa- 
tients with abnormal BAEPs were sig- 
nificantly higher in CDC group IV than 
in CDC group III only in the CCT II-V 
of the left ear (x? =5.62, P<.05). 

The Figure shows the percentages of 
patients as a function of CCTs I-V. As 
we can observe, most HIV-PSs are dis- 
tributed in the higher values (right), 
mainly those belonging to CDC group 
IV. On the other hand, NHCs display 
their high percentages in the lesser val- 
ues of CCTs. 

The ANOVA test was performed 
comparing CCTs I-V of NHCs (n=62), 
HIV-NDAs (n=24), HIV-positive drug 
abusers (n=22), and non-drug abusing 
HIV-PSs (n=13). The ANOVA (Table 
5) shows significant differences (P<.01) 
in both ears for the HIV infection factor, 
without drug-abuse or interaction 
influences. 


COMMENT 


Electrophysiological studies to deter- 
mine subclinical involvement of the 
brain stem have recently been carried 
out." Helweg-Larsen et al“ reported 
some abnormalities on visual evoked po- 
tentials, BAEPs, and somatosensory 
evoked potentials in a cross-sectional 
population study of Danish patients 
with AIDS. They found that absolute 
latencies of wave V and CCT I-V in 
BAEPs were prolonged in six of 20 pa- 
tients. Those findings were also report- 
ed by Smith et al” in three of 15 HIV- 
seropositive patients with AIDS, but 
the latencies were less prolonged than 
in patients with AIDS. Both groups con- 
cluded that these abnormalities might 
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reflect an incipient defect of brain-stem 
conduction. None of the patients had 
clinical or radiological signs suggesting 
brain-stem involvement. 

In our cases, the CCTs were also pro- 
longed, but only the I-V and III-V inter- 
vals showed significant differences in 
comparison with controls (P<.01). The 
I-III interpeak latencies were in the up- 
per range of normal in the majority of 
patients, but comparison of those values 
with controls only showed significant 
differences in the left ears of patients 
from CDC group IV (P<.05). These re- 
sults suggest that the upper part of the 
brain stem may be the main target of 
involvement in the tract being tested. 

The values of interpeak latencies in 
CDC group ITI (4.12 + 0.20 milliseconds 
in CCT I-V) and in CDC group IV 
(4.32+0.17 milliseconds in CCT I-V) 
and the frequency of their exceeding the 
normal ranges indicate a prominent 
dysfunction in the last stage of the infec- 
tion. It probably reflects a subclinical 
and progressive involvement of brain 
stem that could be tested by the BAEPs 
during the different stages. 

Brain-stem auditory evoked poten- 
tials are resistant to alteration by any- 
thing other than structural disease in 
the brain-stem auditory tracts. For ex- 
ample, general anesthesia and barbitu- 
rates in high doses do not significantly 
affect BAEPs.” However, chronic alco- 
holism is a known condition that fre- 
quently involves the brain stem and 
might produce abnormalities on 
CCTs." 

It is well known that intravenous 
drug abusers are at high risk of infection 


Table 5.—ANOVA of HIV Infection 
and Drug Abuse Influences on CCTs 


Source of 
Variation ss 
R ear 
HIV infection 
Drug abuse 
Interaction 
Error 
L ear 
HIV infection 
Drug abuse 
Interaction 
Error 





1.709 
0.034 
0.036 
4.134 


1.598 
0.014 
0.172 
4.079 


* ANOVA indicates analysis of variance; HIV, hu- 
man immunodeficiency virus; CCT, central conduction 
time; and SS, sum of squares. 





by HIV”; in addition, chronic alcohol- 
ism is a frequent complication among 
these subjects. Knowing that chronic 
alcoholism could alter the BAEPs, we 
selected our cases from among people 
without a history of alcohol con- 
sumption. 

Comparison of the values between 
HIV-PSs and HIV-NDAs showed sig- 
nificant differences in CCTs I-V and 
III-V. On the other hand, comparison 
between HIV-NDAs and NHCs 
showed no differences. The ANOVA 
shows HIV infection was the only factor 
affecting the BAEPs; neither drug- 
abuse nor drug-abuse-HIV infection in- 
teraction made a significant contribu- 
tion. We can conclude that BAEP 
abnormalities were influenced neither 
by the alcoholism nor by the drug-abuse 
condition. In addition, our patients 
were free of other pathological condi- 
tions that might involve the NS. These 
results strongly suggest a direct action 
of the HIV on brain-stem structures. 

Previous reports have also supported 
the hypothesis of a direct action of HIV 
on the CNS.°” The virus has been iso- 
lated from cerebrospinal fluid and ner- 
vous tissues of subjects with AIDS- 
related neurological diseases."*” Fur- 
thermore, sequences of HIV-DNA have 
been found in brain tissues from pa- 
tients with AIDS encephalopathy.” 

The selective neurotropism of the vi- 
rus is suggested by several immunologi- 
cal abnormalities, such as intra—blood- 
brain barrier synthesis of HIV-specific 
antibody and abnormal B-cell activation 
to mitogens. It has also been associated 
with the production of oligoclonal bands 
in serum and cerebrospinal fluid,” a 
well-known phenomenon in chronic in- 
flammatory diseases of the CNS, such 
as multiple sclerosis.” Our results indi- 
cate a defect of conduction mainly in the 
upper part of the brain stem. It is possi- 
ble that this abnormality could be pro- 
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duced by alterations of the white mat- 
ter. The presumed generator of wave 
III is the superior olivary complex” 
and of wave V, the inferior colliculus; 
conduction abnormalities were found to 
occur between them, as would be ex- 
pected, because this is the longest seg- 
ment of white matter in the tract being 
tested.” Similar findings had been made 
in known demyelinating diseases, such 
as multiple sclerosis.” 

Previous studies seem to have proved 
that there are myelin alterations in pa- 
tients with AIDS. Studying vacuolar 
myelopathy, Petito et al” and Navia et 
al“ found spongiform changes in the dor- 
sal and lateral white matter caused by 
swelling within myelin sheets. Navia et 
al™ reported histological findings that 
prove that alteration of the white mat- 
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ter and of subcortical structures with 
relative sparing of the cortex is the most 
frequent abnormality. Widening of the 
ventricles without cortical atrophy con- 
sistent with white-matter lesions was 
reported in patients with AIDS." 
Helweg-Larsen et al“ found that 
tibial nerve evoked potentials at the T12 
spinal process were delayed, while pe- 
ripheral conduction and CCTs from T12 
to the cortex were normal in patients 
with AIDS. They concluded that this 
finding favors a defect of the myelin in 
the lumbar part of the spinal cord. 
Smith et al" recently came up with the 
same findings in HIV-seropositive pa- 
tients without AIDS. Some neuropath- 
ological studies have demonstrated that 
the white-matter alterations may be 
seen mainly in the cerebral hemispheres 
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In conclusion, our work shows that 
the brain stem is frequently involved in 
HIV-PSs, mainly in those patients be- 
longing to CDC group IV. The dysfunc- 
tion is probably due to an alteration of 
the white matter and it is more promi- 
nent in the upper part of the brain stem. 
Our results favor the hypothesis of a 
direct action of HIV on CNS structures. 
The BAEP is a simple procedure that 
allows us to test brain-stem asymptom- 
atic abnormalities during the different 
stages of the infection. 
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Progressive Vision Loss 


A Rare Manifestation of Familial Cavernous Angiomas 


Sudhir Malik, MD; Bruce H. Cohen, MD; John Robinson, MD; Arno Fried, MD; Cathy A. Sila, MD 


© We studied four generations of a family 
in which the index case had progressive loss 
of vision secondary to a cavernous angioma 
of the optic nerve and chiasm. Magnetic res- 
onance imaging of the brain revealed multi- 
ple, asymptomatic intracerebral cavernous 
angiomas. Brain magnetic resonance imag- 
ing scans of the family members revealed 
multiple cavernous angiomas in the brother 
and paternal grandfather, but none in the 
father or his siblings. Autopsy reports of the 
paternal great grandfather noted multiple 
cavernous angiomas in the brain and abdom- 
inal viscera. We believe our patient to be the 
sixth reported case in which a cavernous 
angioma involved the optic chiasm and optic 
nerve. Magnetic resonance imaging is a sen- 
sitive and specific method of detecting cav- 
ernous angiomas. Cavernous angiomas 
have an autosomal dominant pattern of in- 
heritance with variable penetrance. Surgical 
intervention in patients with symptomatic 
cavernous angiomas depends on the loca- 
tion and size of the lesion and associated 
surgical risks. 

(Arch Neurol. 1992;49:170-173) 


C entral nervous system vascular mal- 
formations can be categorized into 
four groups: arteriovenous malforma- 
tions, venous angiomas, capillary telan- 
giectasia, and cavernous angiomas.’ 
Cavernous angiomas are congenital 
blood vessel hamartomas composed of a 
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dense aggregate of irregular venous si- 
nusoidal channels separated by fibrous 
septi and without intervening nervous 
or glial tissue. Elastic lamina or mural 
smooth muscle is rarely present. Often 
called cryptic or occult vascular malfor- 
mations, cavernous angiomas are diffi- 
cult to identify with angiography but 
are detected much more often with mag- 
netic resonance imaging (MRI).’ A fa- 
milial occurrence of cavernous angio- 
mas with autosomal dominant 
inheritance is well documented in the 
literature. Patients with cavernous an- 
giomas are often asymptomatic but may 
present with seizures, intracerebral 
hemorrhage, or with symptoms of an 
intracerebral mass lesion. Involvement 
of the optic chiasm and optic nerve man- 
ifesting as progressive visual loss is, 
however, uncommon. 

We describe a family with multiple 
intracerebral cavernous angiomas, in 
whom the proband experienced pro- 
gressive vision loss from a cavernous 
angioma of the optic chiasm and optic 
nerve. The MRI studies revealed a fa- 
milial involvement with an apparent 
skipping of a generation. 


REPORT OF CASES 


CasE 1.—A healthy 4-year-old, right- 
handed girl was found to have a lazy left eye 
on optometric examination during a routine 
preschool assessment. Subsequently, an 
ophthalmologist diagnosed amblyopia with 
alternating strabismus and referred her for 
further evaluation. When seen at the age of 
4.5 years, the child reported a worsening of 
vision in her left eye. Examination revealed 
decreased visual acuity bilaterally: 20/50 in 
the right eye and 20/800 in the left eye. There 
was an afferent pupillary defect and tempo- 
ral pallor in the left eye. Results of the re- 


mainder of the general physical examination 
and neurologic examination were normal. 

Computed tomography (CT) of the head 
revealed a hyperdense, partially calcified 
mass, approximately 1.5 cm in diameter, in 
the suprasellar region that was compressing 
the optic chiasm and left optic nerve (Fig 1). 
There was no contrast enhancement. In addi- 
tion, there were multiple, scattered, cortical 
white matter and subependymal calcifica- 
tions. Magnetic resonance imaging of the 
head showed multiple areas of decreased sig- 
nal intensity on T,-weighted images in the 
same distribution as seen on CT. A multilo- 
bulated mass was seen in the suprasellar re- 
gion, intrinsic to the optic chiasm, and dis- 
placing the infundibulum slightly to the left. 
This lesion produced a mixed-intensity signal 
on T,-weighted images and a core of mixed- 
intensity signal surrounded by a rim of de- 
creased signal on T,-weighted images (Fig 
2). There was mild contrast enhancement. 
These findings were suggestive of, but not 
diagnostic for, cavernous angiomas. An MRIY 
scan of the spine was normal. An endocrine 
evaluation, including serum thyroxine, thy- 
roid-stimulating hormone, prolactin, B-hu- 
man chorionic gonadotropin, and a-fetopro- 
tein, was normal. 

The patient underwent a right frontotem- 
poral craniotomy for diagnostic purposes and 
was found to have a well-encapsulated, par- 
tially calcified, cystic mass just below the 
optic chiasm. It adhered firmly to the under- 
side of the optic chiasm and left optic nerve 
and was partially removed. Gross pathologic 
examination showed the specimen to contain 
specks of calcium as well as an old organized 
hemorrhage. Microscopic examination 
showed several abnormal hyalinized and 
thickened blood vessels that suggested a vas- 
cular malformation. 

The patient’s vision did not improve after 
surgery, but she has had no further, 
problems. 

CASE 2.—The 18-year-old brother of pa- 
tient 1 presented 2 months later with a dif- 
fuse headache and progressive weakness and 
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Fig 1.—A computed tomographic scan without 
contrast (patient 1, a 4-year-old girl). A hyper- 
dense, suprasellar mass that is compressing 
the optic chiasm and left optic nerve caused 
progressive loss of vision in the left eye. 


numbness of the left arm. The examination 
disclosed left central facial weakness, dy- 
sarthric speech, and hemiparesis and hy- 
pesthesia to light touch on the left side. A CT 
scan of the head with and without contrast 
showed hemorrhage in the brain stem and 
right frontal lobe. 

The T,-weighted MRI images revealed a 
large lesion in the right inferior pons with a 
central area of increased signal intensity sur- 
rounded by concentric rings of decreased sig- 
nal intensity. The T,-weighted images 
showed decreased signal intensity, without 
mass effect. There was no contrast enhance- 
ment (Fig 3). These findings suggested a 
cavernous angioma. In addition, there was a 
1l-em lesion in the right frontal lobe with in- 
creased signal intensity centrally and de- 
creased signal intensity peripherally. There 
were multiple small lesions in the left frontal, 
left occipital, right parietal, and right tempo- 
ral lobes, as well as in the subependymal 
regions and in the left cerebellum. An MRI 
scan of the spine was normal. 

The patient improved with corticosteroid 
therapy. Examination 1 month later re- 
vealed minimal distal hand weakness, hyper- 
reflexia, and sustained left-ankle clonus. Ex- 
amination 1 year later was normal. 


FAMILY HISTORY 


The proband’s father and the father’s two 
siblings were asymptomatic and had normal 
MRI scans of the head. The paternal grandfa- 
ther developed seizures at age 54 years, and 
MRI of the head revealed four lesions consis- 
tent with cavernous angiomas. The paternal 
great grandfather died of pneumonia and a 
progressive myelopathy at age 79 years, and 
an autopsy disclosed numerous cavernous 
angiomas in his brain, spinal cord, and ab- 
dominal viscera (Fig 4). 


COMMENT 


Although cavernous angiomas have 
been recognized as discrete pathologic 
structures for over half a century, they 
are rare. Rigamonti et al’ estimated 
cavernous angiomas to represent 1% of 
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Fig 2.—A magnetic resonance imaging scan of patient 1, at age 4.5 years. The T,-weighted images 
show a suprasellar mass with a mixed-intensity signal (left) and left parietal and frontal lesions with 


a decreased intensity signal (right). 





all intracranial vascular lesions and 15% 
of all cerebral vascular malformations. 
They are, however, the most frequently 
observed cause of cryptic vascular mal- 
formations. They may occur both in the 
central nervous system and in extra- 
neural locations, including the lungs, 
kidneys, and liver.” Within the central 
nervous system, they appear most fre- 
quently in the subcortical areas of the 
cerebral hemispheres, the basal gan- 
glia, brain stem, cerebellum, and spinal 
cord.’ They are commonly found in the 
orbit"’ and occasionally in the third ven- 
tricle’ or in the sellar region.*” In a re- 
view of more than 200 cases of cavern- 
ous angiomas in the literature, Corboy 
and Galetta” found only four involving 
the optic chiasm, and added a fifth case 
of their own. Our patient is the sixth 





Fig 4.—A T,-weighted magnetic resonance im- 
aging scan of patient 2, the 18-year-old brother 
of patient 1, shows a cavernous angioma in the 
right inferior pons. 
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Fig 5.—Family tree showing the patrilineal ancestry of patients 1 and 2 and the associated 
presentations of cavernous angiomas. CT indicates computed tomography; MRI, magnetic 


resonance imaging. 


reported case in the literature of a cav- 
ernous angioma involving the optic chi- 
asm and optic nerve. 

The peak incidence of presentation 
occurs in the third and fourth decades, 
but cavernous angiomas may also pre- 
sent in younger people. 

Cavernous angiomas in children, es- 
pecially infants, are rare. There is no 
preferential gender distribution,” ex- 
cept for the large extradural temporal 
locations observed only in Japanese 
women.” Cavernous angiomas may 
cause seizures or intracranial hemor- 
rhage or appear as space-occupying le- 
sions. Some may remain clinically silent 
and are disclosed only at autopsy.’ Mul- 
tiple cavernous angiomas occur in 13% 
to 33% of all cases, depending on wheth- 
er the diagnosis is based on radiologic or 
autopsy findings.“ Rigamonti et al’ esti- 
mated the incidence of multiple cavern- 
ous angiomas to be 50%. Cavernous an- 
giomas have a marked tendency to 
increase in size and become symptomat- 
ic during pregnancy as a result of in- 
creased sensitivity to estrogens and 
vascular engorgement.” An increase 
in size of the cavernous angiomas over 
time and the appearance of new lesions 
at previously normal sites of the brain 
have also been reported.””” 

Cavernous angiomas of the optic 
nerve and chiasm can present acutely or 
in an insidious manner. Chiasmal apo- 
plexy, characterized by abrupt throb- 
bing headaches and acute visual impair- 
ment, has been described.""*" In its 
acute form, the symptoms and signs are 
indistinguishable from those seen in 


172 | ArchNeurol—Vol 49, February 1992 


some cases of pituitary apoplexy.” 
Most acute chiasmal syndromes are 
caused by suprasellar tumors with in- 
tratumoral hemorrhage. Other causes 
may be due to optic gliomas, craniophar- 
yngiomas, acute demyelination syn- 
dromes, or large suprasellar aneu- 
rysms."" Occasionally, such as in our 
case, a subacute progressive chiasmal 
syndrome may occur. ”” This syndrome 
may result from recurrent hemorrhages 
in the cavernous angioma that lead to 
progressive enlargement and the re- 
sulting compression of adjacent struc- 
tures. Cavernous angiomas should be 
considered in patients with an acute or 
subacute chiasmal syndrome. 

In the vast majority of cases, cavern- 
ous angiomas cannot be identified on 
angiography or may show nonspecific 
compression of adjacent structures.” 
Such cases have been termed occult or 
cryptic vascular malformations. This 
may be due to the small caliber of the 
feeding vessels and their slow circula- 
tion of the contrast medium, because of 
extensive thrombosis of the malforma- 
tion, or both.” These lesions are, how- 
ever, readily seen on CT and MRI scans 
of the head. Villani et al“ estimated an 
increase in incidence of cavernous an- 
giomas from 5% in the pre-CT era to 
25% after the advent of CT and MRI. On 
CT, cavernous angiomas are commonly 
seen as hyperdense lesions, occasionally 
with calcifications, and with faint or no 
contrast enhancement. Although CT 
may be more sensitive than MRI in re- 
vealing small foci of calcifications or en- 
hancement, it lacks specificity. An oli- 


godendroglioma with calcifications, or a 
low-grade astrocytoma with minimal 
enhancement, would be difficult to dif- 
ferentiate from a cavernous angioma on 
CT criteria alone.“ Computed tomo- 
graphic scans are also not as sensitive 
for small cavernous angiomas, as are 
MRI scans that are both more sensitive 
and specific in the detection of cavern- 
ous angiomas.” Small lesions appear as 
areas of decreased signal intensity on 
T,- and T,-weighted images. Residual 
macrophages laden with hemosiderin 
create a peripheral rim of decreased sig- 
nal intensity around a central core of 
reticulated, mixed intensity signals, on 
T,-weighted images, which is diagnos- 
tic. It has been suggested that detection 
approaches 100% when MRI is used to 
identify phenotypes, particularly in 
asymptomatic family members.” The 
high-signal intensity on T, and low-sig- 
nal intensity on T, of the brain-stem 
lesion in patient 2 is explained by the 
presence of intracellular methemoglo- 
bin within the lesion.” 

Before 1970, the familial occurrence 
of intracranial vascular malformations 
was considered rare because only five 
such cases had been reported.” Follow- 
ing the introduction of CT, these re- 
ports have become more frequent. With 
our two case reports, 22 families with 
familial cavernous angiomas of the brain 
have been identified.” The familial 
form is now estimated to be at least as 
common as the sporadic form.” It has 
been observed more frequently in per- 
sons of Hispanic origin."*"* Our 
study demonstrates involvement of four 
generations of a family with male-to- 
male and male-to-female transmission, 
which is suggestive of an autosomal 
dominant pattern of inheritance. This 
explanation is consistent with other 
studies in the literature. A unique fea- 
ture of our family is that the father of 
our proband, although an obligate het- 
erozygote for the mutant gene, with an 
affected parent and children, did not 
have any cavernous angiomas detected 
on MRI scan. This has been observed 
only once before” and suggests the pos- 
sibility of an incomplete penetrance in 
some cases. All the affected members of 
our family demonstrated multiple intra- 
cranial cavernous angiomas, and this is 
consistent with studies in the literature. 
Rigamonti et al’ estimated a 73% inci- 
dence of multiple angiomas in the famil- 
ial form of the disease compared with 
10% to 15% incidence in the sporadic 
form. This article is the third documen- 
tation of familial cavernous angiomas 
occurring in the brain stem.™ Because 
heterozygotes of patients with familial 
cavernous angiomas have a high inci- 
dence of developing symptomatic dis- 
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ease, we recommend that all relatives of 
such patients be screened by MRI scan. 
This would enable presymptomatiec de- 
tection in affected relatives, genetic 
counseling, and close monitoring to al- 
low prompt treatment if symptoms 
occur. 

The treatment of cavernous angiomas 
varies with the site and clinical symp- 
toms. Surgical resection is often suc- 
cessful because cavernous angiomas 
have distinct boundaries with a limited 
blood supply and can be easily removed 
with little surgical trauma to the sur- 
rounding structures.” In case 1, the chi- 
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asmal lesion was partially resected for 
diagnostic purposes and did not lead to 
recovery of vision. In case 2, surgery 
was not performed as a result of the 
pontine location of the lesion and be- 
cause the patient recovered rapidly 
with conservative treatment. Although 
a few authors report successful surgical 
resection of cavernous angiomas in the 
brain stem,™®“ other authors have noted 
poor surgical results in deeply placed 
lesions in the basal ganglia and brain 
stem.” In such cases, radiotherapy has 
been suggested as an alternative modal- 
ity of therapy.’ 
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Hereditary Motor and Sensory N europathy With 
_ Treatable Extrapyramidal Features 


Safwan Jaradeh, MD, Peter J. Dyck, MD 


© Seven patients with a sensorimotor pe- 
ripheral neuropathy followed years later by 
extrapyramidal manifestations are present- 
ed. This appears to be a separate genetic 
disorder(s) from that described as Machado- 
Joseph disease. In five subjects, other rela- 
tives had similar multisystem involvement. 
None was of known Portuguese ancestry. 
The extrapyramidal syndrome was mainly 
parkinsonian. Pain was prominent in five 
subjects. In all cases, low or moderate doses 
of levodopa/carbidopa ameliorated both the 
pain and the parkinsonian features. In one 
patient, a randomized placebo-controlled tri- 
al of levodopa/carbidopa was found to signif- 
icantly improve most symptoms and neuro- 
logic dysfunction scores related to the 
extrapyramidal syndrome. 

(Arch Neurol. 1992;49:175-178) 


A genetic disorder involving extra- 
ae pyramidal (EP) and peripheral 
nervous (PN) systems—Machado-Jo- 
seph or Azorean disease—has been de- 
scribed in Portuguese families of the 
Azores Islands.“ The disorder was 
transmitted by autosomal dominant in- 
heritance, and the EP involvement an- 
tedated that of the PN involvement. 

We describe seven patients (Tables 1 
and 2) who presented with symptoms 
and signs of PN involvement followed 
years later by EP involvement. In five 
of seven patients, other family mem- 
bers had a similar disorder. 
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REPORT OF CASES 


Case 1.—A 71-year-old woman had 
progressive weakness and wasting of 
her distal lower extremities since age 18 
years, with involvement of her hands at 
age 44 years. Her evaluation, 6 years 
later, found distal symmetric weakness 
and wasting of all extremity muscles, 
areflexia, and distal sensory loss affect- 
ing mainly mechanoreception. The ce- 
rebrospinal fluid was normal. Her elec- 
trodiagnostic studies (NC-EMG) 
revealed a polyneuropathy, with an av- 
erage motor nerve conduction velocity 
of 9 m/s. The computer assisted sensory 
examination of the great toe was abnor- 
mal more than 95th percentile for vibra- 
tory and touch-pressure detection 
thresholds. A biopsy of her posterior 
auricular nerve showed loss of large my- 
elinated fibers, with many thinly my- 
elinated fibers surrounded by onion 
bulbs; the perineurium was thickened. 
At age 54 years, she developed rest 
tremor, bradykinesia, and generalized 
back and leg pain. A trial of trihexy- 
phenidyl hydrochloride improved the 
rest tremor. Amantadine hydrochloride 
appeared to be without benefit. Signifi- 
cant relief of her parkinsonian symp- 
toms was obtained after prescribing le- 
vodopa/carbidopa monotherapy. She 
continued to take 400 mg/d of levodo- 
pa/carbidopa with sustained improve- 
ment. An older sister was seen at a dif- 
ferent center, and the diagnosis of po- 
lyneuropathy and tremor was made. 
Her younger brother's evaluation also 
revealed a demyelinating polyneuro- 
pathy, a tremor predominantly at rest, 
dysarthria with monotonous speech, 
and Froelich’s syndrome (adiposo-geni- 
tal dystrophy). 


Case 2.—A 57-year-old woman had 
intermittent cramping pain in her feet 
and legs since age 18 years. Eight years 
later, she noted progressive weakness 
of her feet and legs, followed 4 years 
later by some urinary urgency. Thir- 
teen years later, at age 43 years, she 
noted back pain radiating into her legs, 
and clumsiness of her arms. At age 46 
years, she developed tremor in her 
hands. Examination revealed mild 
weakness and atrophy of the muscles in 
the distal aspect of the extremities. An- 
kle jerks were absent, but her other 
tendon reflexes were brisk. She had 
mild tactile and joint-position sensation 
loss over her feet and fingers. Rest 
tremor and rigidity were present in the 
upper extremities. Mild cerebellar dys- 
metria was found in all extremities. The 
cerebrospinal fluid was normal. Her 
NC-EMG showed a sensorimotor poly- 
neuropathy, with normal conduction ve- 
locities. Vibratory and cooling detection 
thresholds of the toe and dorsal aspect 
of the foot were elevated (abnormal). A 
sural nerve biopsy specimen showed 
moderately severe loss of large myelin- 
ated fibers. Her older sister is case 3. 
Her younger brother was diagnosed as 
having Parkinson's disease. One mater- 
nal cousin had pes cavus, leg weakness, 
and rest tremor. Trihexyphenidyl was 
ineffective in treating her EPS, and a 
trial of levodopa/earbidopa was admin- 
istered as described in the “Methods” 
section. 

Case 3.—A 62-year-old woman noted 
a stumbling gait followed by weakness 
of her legs since age 41 years. At age 50 
years, she developed aching of the low 
back, with discomfort radiating to the 
lower limbs. Rest tremor appeared 
2 years later. Her examination revealed 
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Patient 1 2 3 


Table 1.—Clinical Features * 
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Sex E F F 





Age, y 









































































(onset) 18 18 41 11 44 39 47 
Duration, y 50 39 11 16 18 11 16 
PNP onset 

to EP, y 36 28 9 14 6 6 10 
EP features P P P, D, C D,C P P P 
Other systems = UMN, C UMN, C C CN, UMN C 
Family history + F + = + + ND 
Cerebrospinal 

fluid N N N ND High protein High protein — 
Levodopa/ 

carbidopa, 

mg/d 400 500 600 600 300 300 400 
Response Very good Very good Very good Very good Good Good Good 
Duration of 

treatment, y 10 4 6 2 1.5 3 






* PNP indicates peripheral neuropathy; EP, extrapyramidal; P, Parkinson; D, dystoric; UMN, upper motor neu- 
ron; C, cerebellar; CN, cranial nerves; minus sign, negative; plus sign, positive; N, normal; and ND, not cone. 


fine nystagmus on lateral gaze in either 
direction. Her muscle strength was de- 
creased distally. She was areflexic. 
There was hypesthesia to all modalities 
over her feet, and mild dysmetria in all 
extremities. There was a moderate rest 
tremor in her hands, with a mild inten- 
tional component. She had occasional 
truncal and pelvic dystonic and inter- 
mittent foot choreiform movements. 
Her cerebrospinal fluid was normal. 
Her NC-EMG was consistent with a 
sensorimotor polyneuropathy and nor- 
mal conduction velocities. Touch-pres- 
sure and vibratory detection thresholds 
of the great toe were elevated (abnor- 
mal). The sural nerve biopsy specimen 
showed mild loss of the large myelinated 
fibers. A computed tomographic scan of 
the head revealed minimal generalized 
atrophy. Due to the lack of response to 
amantadine, levodopa/carbidopa was 
added with significant improvement, 
which was maintained with a dose of 600 
mg/d. 

Case 4.—A 27-year-old woman had 
weakness in her legs from childhood, 
with weakness of her hands at age 19 
years. Six years later, she developed 
posterior neck pain, involuntary gri- 
macing of her face, and mild rotation of 
her head with either neck flexion or ex- 
tension. A few months later, the move- 
ments extended to her upper extrem- 
ities, with occasional shoulder elevation 
or flailing of her arms. The movements 
fluctuated, and tended to worsen at the 
end of the day. The family history was 
negative for similar neuromuscular 
complaints. Examination revealed 
weakness, atrophy, and hypesthesia 
that was most prominent in the distal 
aspect of the extremities. She was are- 
flexic. Cerebellar dysmetria was pre- 
sent in her extremities. There was focal 
dystonia involving her face, neck, and 


176 Arch Neurol—Vol 49, February 1992 


proximal upper extremities. There 
were also subtle choreiform movements 
in her fingers, and occasional puffing of 
her cheeks interpreted as superimposed 
tic. Magnetic resonance imaging of the 
head was normal. Her NC-EMG 
showed absent sensory-evoked re- 
sponses, markedly reduced motor 
evoked amplitudes, and mildly slowed 
conduction velocities. Touch-pressure 
and vibratory detection thresholds 
were elevated (abnormal) in the great 
toe but cooling detection threshold of 
the foot was normal. Anticholinergics 
did not alleviate the movements. Ad- 
ministration of 600 mg/d of levodopa/ 
carbidopa resulted in considerable im- 
provement in her pain and movements. 
Case 5.—A 62-year-old man noted 
progressive weakness in his legs since 
age 44 years. Six years later, he devel- 
oped tremor in his arms and hands. At 
age 57 years, his speech became in- 
volved, along with difficulties in chew- 
ing and swallowing, and he began using 
a walker. One paternal cousin who had 
progressive weakness in his legs and 
speech difficulties, followed by tremor 
in the hands, died accidentally at age 23 
years. The patients examination 
showed spastic and hypokinetic dy- 
sarthria, mild bilateral facial weakness, 
sensorineural hearing loss, moderate 
weakness in all extremities, greater dis- 
tally, and mild pan-modality sensory 
loss in a stocking-glove distribution. He 
was areflexic in his extremities, but had 
jaw clonus and a brisk snout reflex. Par- 
kinsonian tremor was marked in the up- 
per extremities, along with moderate to 
marked rigidity. His cognitive functions 
were intact. Magnetic resonance imag- 
ing of his head showed a small arachnoid 
cyst along the left prerolandic fissure. 
The cerebrospinal fluid was acellular 
with a protein concentration of 0.83 g/L 


Table 2.—Nerve Conduction Studies * 


Patient fig ial Sa D 6.) 6. OF 
Sensory DL, ms 
Median NR 3.6 3.0 NR 4.8 NR NR 
Sural NR NR NR NR NR NR NR 
Sensory 
amplitude, nV 
Median NR 5.0 3.0 NR 9.0 NR NR 
Sural NR NR NR NR NR NR NR 
Motor amplitude, 
mV 
Median or 
ulnar 1.0 12 29 2.3 65 2.1 ND 
Peroneal NR 1.3 NR 0.1 NR NR 2.8 
Motor CV, m/s 
Median or 
ulnar 
Peroneal 






















10 49 49 38 30 12 
. 43 NR 30 NR NR 


* NR indicates no response; DL, distal latency; CV, 
conduction velocity; and ND, not done. 
and a normal IgG index. His NC-EMG + 
showed a sensorimotor polyneurop- 
athy, with an average conduction veloc- 
ity of 35 m/s. Quantitative autonomic 
testing revealed borderline abnormali- 
ties of the heart period to the Valsalva 
maneuver and to deep breathing, and 
persistent sweating after local acetyl- 
choline iontophoresis. A sural nerve bi- 
opsy that was performed and inter- 
preted at a different center showed 
marked loss of large myelinated fibers 
and occasional onion bulbs. Levodopa/ 
carbidopa given in dosages of 300 mg/d 
resulted in improvement of his parkin- 
sonian symptoms and signs. 

Case 6.—A 50-year-old man noted an 
unsteady gait since age 39 years. His leg 
weakness worsened progressively, 
with involvement of his hands 5 years 
later. His evaluation revealed weak 
atrophic distal extremities, areflexia, 
and mild cerebellar dysmetria. His NC- 
EMG showed absent sensory evoked re- 
sponses, and an average motor nerve 
conduction velocity of 13 m/s. The sural 
nerve biopsy specimen revealed severe 
loss of the myelinated fibers, thinly my-y 
elinated ones, rare onion bulbs, and 
thickened perineurium. In addition to 
fiber loss, teased fiber evaluation 
showed segmental remyelination, with 
a slight increase in the percentage of 
fibers with segmental demyelination. 
One year later, he developed rest trem- 
or, bradykinesia, and rigidity in the up- 
per limbs. His EP symptoms responded 
to 300 mg/d of levodopa/carbidopa. An 
older sister was evaluated at a different 
institution and was told that she has 
polyneuropathy and Parkinson's dis- 
ease. One maternal uncle died from 
“progressive degeneration of the mus- 
cles and shaking,” but further informa- 
tion could not be obtained. 

Case 7.—A 63-year-old man noted 
weakness and intermittent numbness 0 
his feet at age 47 years. His symptoms 
worsened slowly. Ten years later, he 
noted slow speech, and dull aching pain 
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Fig 1.—Each bar represents the average (and the vertical line/SD) of symptoms during use of 
placebo (light) or levodopa/carbidopa (dark) in patient 2 with hereditary motor and sensory 
neuropathy and extrapyramidal syndrome. The average severity was less for the weeks in which 
the patient was receiving levodopa/carbidopa. For six of nine symptoms, statistical significance was 


attained. 
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Fig 2.—Each bar represents the average score (and the vertical line/SD) of a sign during use of a 


placebo (light) and levodopa/carbidopa (dark) in patient 2 with hereditary motor and sensory 
neuropathy and extrapyramidal syndrome. For all signs the average severity was less for the 
weeks the patient was receiving levodopa/carbidopa than when receiving placebo. For five of seven 
signs, statistical signficance (P<.05) was attained. 


in the proximal extremities. His exami- 
nation showed dysarthria with a monot- 
onous low voice, distal limb weakness 
and sensory loss, diffuse areflexia, ri- 
gidity, unsteady and shuffling gait, and 
Meyerson’s sign. Touch-pressure and 
vibratory detection thresholds were ab- 
normal in the great toe. The NC-EMG 
showed abnormalities characteristic of 
sensorimotor polyneuropathy with nor- 
mal conduction velocities. A sural nerve 
"biopsy specimen revealed signficant 
loss of the myelinated fibers. The family 
history was negative for similar neuro- 
muscular complaints. Levodopa/carbi- 
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dopa therapy at a dose of 400 mg/d re- 
sulted in improvement of his pain and 
EP syndrome. 


METHODS 


Because levodopa/carbidopa had dra- 
matically improved the pain and EP in 
one patient, we tested its effectiveness 
in the other patients. All patients re- 
ported the drug to be effective. Drug 
withdrawal in two patients resulted in 
marked accentuation of symptoms. Af- 
ter restarting the drug, improvement 
occurred again. To determine whether 
the beneficial effect of levodopa/carbi- 


dopa was not due to patient or observer 
bias (placebo effect), a prospective ran- 
domized placebo-controlled clinical trial 
was performed on one patient who lived 
in the area, and was able to be evaluated 
weekly.” 

Patient 2 was randomly assigned to 
weekly intervals of either levodopa/car- 
bidopa (6-week treatment) or placebo 
(6-week treatment), the order assigned 
by restricted randomization for a total 
of 12 weeks. Thus, the patient received 
6 weeks of levodopa/carbidopa treat- 
ment and 6 weeks of placebo treat- 
ment—without the patient or the ob- 
server knowing which was given. The 
patient and observer were blinded as to 
drug assignment. Ten symptoms and 
seven signs were evaluated toward the 
end of each week. The symptoms were 
speech, swallowing, daily activities, 
turning in bed, freezing, walking, dys- 
kinesia, stiffness, dysesthesiae, and 
pain. The signs were facial expression, 
rest tremor, rigidity, rapid alternating 
movements, arising from a chair, bra- 
dykinesia, and gait. The ordinal scoring 
system employed was the following: 0, 
normal; 1, mild; 2, moderate; and 3, se- 
vere. At the end of the 12 weeks, the 
mean values of the scores for the 
6 weeks of drug or of placebo were com- 
pared using a rank-sum test. The null 
hypothesis was rejected when the P val- 
ue was less than .05. 


RESULTS 


In the open trial, levodopa/carbidopa 
was found to provide relief of pain and of 
EP symptoms (Table 1). In patient 2, in 
a placebo-controlled trial, statistically 
significant improvement (P<.05) oc- 
curred with levodopa/carbidopa for 
swallowing difficulties, turning in bed, 
freezing, walking, stiffness, and pain 
(Fig 1). Rest tremor, rigidity, standing, 
bradykinesia, and gait were significant- 
ly better with the drug than with place- 
bo (Fig 2). All other symptoms and signs 
improved with levodopa/carbidopa com- 
pared with placebo, but statistical sig- 
nificance was not achieved. 


COMMENT 


Parkinsonism and motor neuron dis- 
ease may occur together. However, the 
association between hereditary motor 
and sensory neuropathy and EP is less 
well recognized. Machado-Joseph dis- 
ease is an autosomal dominant multisys- 
tem degeneration affecting primarily 
people of Portuguese ancestry, with 
scattered cases among other ethnic 
groups.’ In Machado-Joseph disease, 
the hereditary motor and sensory neu- 
ropathy occurs late in the clinical 
course. None of our patients was of Por- 
tuguese origin, and all presented with 
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hereditary motor and sensory neuropa- 
thy and only years later presented with 
EP. The familial association of a parkin- 
sonian syndrome with either Friedreich 
ataxia or neural muscle atrophy has 
been reported.®™ Ziegler et al” de- 
scribed one family spanning four gener- 
ations affected by ataxia, rigidity, rest 
and intention tremor, spasticity, and 
neuropathy. Among 14 members, five 
had sensory loss. Bradykinesia, and es- 
pecially rigidity, improved with levo- 
dopa. Tandan et al” reported a kindred 
presenting with hereditary motor and 
sensory neuropathy and parkinsonism 
inherited in an autosomal dominant pat- 
tern; however, many patients had pto- 
sis and dementia. 

In five of our patients, the evaluation 
of other family members disclosed the 
presence of PNP, EP, or both, making 
the possibility of a chance association 
between PNP and EP unlikely. The 
mode of inheritance has not been estab- 
lished in our families, but recessive in- 
heritance appears most likely, since 
none of the parents or children were 
affected, little variability occurred 
within a kindred, and two cases were 
sporadic. Because there was some vari- 
ability in the phenotype it may be that 
our cases represent more than one ge- 
netic disorder. Peripheral motor and 
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sensory neurons can be involved in in- 
herited multisystem disorders, such as 
spastic paraplegia, olivopontocerebel- 
lar atrophy, and spinocerebellar degen- 
erations.” In these disorders, the pe- 
ripheral neuropathy (PNP) tends to be 
mild and is usually overshadowed by the 
central nervous system involvement. 
Our cases were different in that the PN 
symptoms preceded the EP symptoms, 
and the cerebellar findings, if present, 
were mild. 

Our case summaries illustrate their 
phenotypic variability. First, in three of 
our patients, the PNP appeared pre- 
dominantly demyelinating, while it was 
mainly axonal in the other remaining 
four patients. Second, the EP was par- 
kinsonian in six patients, dystonic in 
two, and choreiform in one. Finally, oth- 
er siblings had either PNP or EP. This 
diversity suggests that our cases may 
represent one genetic disorder with 
considerable variability of phenotypic 
expression or different genetic dis- 
orders. 

The EP symptoms and signs fluctu- 
ated with stress, fatigue, or exercise. 
Pain was a prominent complaint in five 
patients. Pain is reported to occur in 
12% to 41% of parkinsonian patients. *” 
It is usually localized to the trunk and 
extremities, and headaches are less fre- 
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An important conclusion to our study 
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ated pain and extrapyramidal dysfunc- 
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and efficient at low or moderate doses of 
levodopa and for a prolonged period. 
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Cerebral Blood Flow Deficits in 
_ Hereditary Essential Myoclonus 


Florence Delecluse, MD; Gunhild Waldemar, MD; Svein Vestermark, MD; Olaf B. Paulson, MD, PhD 


Hereditary essential myoclonus is a dis- 
ease in which segmental myoclonus is the 
sole clinical abnormality and whose cause is 
unknown. It is characterized by an early on- 
set, a benign course, an autosomal dominant 
pattern of inheritance, the absence of any 
other neurologic dysfunction, and normal re- 
sults of auxiliary tests. Cerebral blood flow 
studies of a father and son with this disease 
showed a cortical blood flow reduction con- 
tralateral to the myoclonus symptoms. We 
postulate the cause to be a focal unilateral 
subcortical cerebral lesion, either in the bas- 
al ganglia or in the brain stem, with subse- 
quent cortical deafferentation. 

(Arch Neurol. 1992;49:179-182) 


H eeditary essential myoclonus 
(HEM) is a rare but well-defined 
syndrome" of unknown origin. It has an 
autosomal dominant pattern of trans- 
“mission with incomplete penetrance’ 
and onset during childhood. It consists 
of myoclonic jerks in a proximal distri- 
bution, with no other signs of central 
nervous system involvement. All ancil- 
lary tests, such as electroencephalog- 
raphy (EEG), computed tomography, 
visual evoked potentials, and polymyo- 
graphy, yield normal results. 

To our knowledge, this is the first 
report of cerebral blood flow studies in 
HEM. Two members of a Scandinavian 
family with benign HEM spanning 
three generations were examined with 
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single-photon emission computed to- 
mography (SPECT) and xenon 133 or 
[technetium 99m ]-d,/-hexamethylpro- 
pyleneamineoxime (HMPAO), which 
revealed pertinent focal cerebral blood 
flow asymmetries. 


REPORT OF CASES 


CASE 1.—A 6-year-old boy had exhibited 
normal psychomotor development until his 
third year, when he developed muscle 
twitches and jerks affecting his right arm. 
These twitches and jerks were particularly 
pronounced during carefully controlled mo- 
tor activity, such as drinking from a glass. 
Everyday activities, such as writing, draw- 
ing, and playing with toys, were difficult to 
perform. These sudden, uncontrollable arm 
jerks could be suppressed by strong volun- 
tary muscle activity. They occurred neither 
during sleep nor at rest and did not interfere 
with standing or walking. Computed tomog- 
raphy and physical, mental, and neurologic 
examinations otherwise yielded normal find- 
ings. There has been no disease progression 
since age 5 years. 

CASE 2.—The 40-year-old father of patient 
1 has had muscle twitches and jerks since 
childhood. Jerks of his right upper limb have 
rendered the manipulation of small objects 
and drinking glasses difficult. His jerks also 
could be suppressed by strong muscular ac- 
tivity and disappeared during sleep and rest. 
The ingestion of small quantities of alcohol, 
however, had no effect. No other signs of 
neurologic involvement were noted. His 
computed tomographic scan was normal. Be- 
cause of these jerks during controlled activi- 
ty, this patient has abandoned social con- 
tacts, other than those that involve his 
family. 

CASE 3.—The paternal grandfather of pa- 
tient 1 reportedly has the same problems. He 
was never able to write a letter because of 
these same right-sided jerks. This patient 
could not be included in our study, however, 
as all attempts at personal contact or exami- 
nation were refused. 


MATERIALS AND METHODS 


Regional cerebral blood flow (rCBF) was 
studied with a three-section brain-dedicated 
high-resolution SPECT system (Tomomatic 
64, Medimatic, Hellerup, Denmark)’ in the 
Department of Neurology, Rigshospitalet, 
Copenhagen, Denmark. In the father, rCBF 
was studied twice on the same day by two 
different techniques: the “Xe-inhalation 
method and the [”"Tc]-d,/-HMPAO tech- 
nique. Both studies were performed during 
rest without myoclonic activity. The Xe- 
inhalation study was performed to obtain 
quantitative data, and the [“"Te]-d,l- 
HMPAO study was performed to obtain 
high-resolution images of the distribution of 
rCBF. First, two “Xe-inhalation studies 
were performed to obtain six horizontal sec- 
tions parallel to the canthomeatal plane. 
Each study lasted 4.5 minutes, during which 
“Xe was inhaled from a closed system with 
an initial concentration of 740 mBq/L, during 
the first 1.5 minutes. The arterial input to the 
brain was estimated from the lung curve pro- 
file obtained from a single stationary scintil- 
lation detector placed above the apex of the 
right lung. The calculation of absolute cere- 
bral blood flow values from the distribution 
of the “Xe in the brain has been described in 
detail previously.” With this technique, the 
final in-plane resolution is 17 to 20 mm (full 
width at half maximum), and the section 
thickness is 20 mm. In addition, SPECT was 
used to study the isotope distribution after 
the intravenous injection of 1.1 Gega-Be- 
querel of [*"Tc]-d,l-HMPAO (Ceretec, 
Amersham, London, England). First, 60- 
second data acquisitions were performed in 
six different positions with the use of a low- 
resolution collimator. Then, three high-reso- 
lution data acquisitions were performed to 
obtain nine sections parallel to the cantho- 
meatal plane. These high-resolution images 
were normalized to theeerebellum and cor- 
rected for back-diffusion’of the tracer by a 
linearization précedure that has been de- 
scribed in défail previously.” With the 
(""Te}-d,/-HMPAO techniquey the final in- 
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Fig 1.—Xenon Xe 133-inhalation single-photon emission computed 
tomographic scan of a 40-year-old man (patient 2) with essential 
myoclonus. Four sections parallel to the canthomeatal (CM) plane are 
shown. The left hemisphere is shown at left. The color scale indicates 
absolute blood flow values in milliliters per 100 g per minute. 


C99M-TCI-HMPAO 
Low RESOLUTION 


FATHER 





plane resolution is 9 to 10 mm (full width at 
half maximum), and the section thickness is 
10 mm. In the case of the 6-year-old son, only 
a low-resolution [”"Tc]-d,l-HMPAO study 
was technically possible. Regional cerebral 
blood flow, or mean count rates, was calculat- 
ed in several regions of interest, as described 
elsewhere." The side-to-side asymmetry ra- 
tio for blood flow in a region of interest was 
defined as the difference in count rate or 
rCBF between the right and left regions of 
interest taken as a percent of the higher of 
the two. A side-to-side asymmetry ratio de- 
viating more than 2 SDs from that of control 
subjects of the same age’ was considered 
abnormal. 
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CM+7CM 


Fig 3.—Technetium 


RESULTS 


The results of the “Xe-inhalation 
study in the father are shown in the 
Table and in Fig 1. The mean cerebral 
blood flow values were 56 and 60 mL/ 
100 g per minute in the left and right 
hemispheres, respectively. A marked 
reduction of rCBF was seen in the left 
frontal and temporal lobes. This reduc- 
tion of blood flow was associated with a 
crossed cerebellar diaschisis. 

The SPECT images from the high- 
resolution [”"Tc]-d,/-HMPAO study are 
shown in Fig 2. These [*"Te]-d,l- 


Te 


Fig 2.—Technetium Tc 
(HMPAO) and high-resolution single-photon emission computed tomo- 
graphic scans of a 40-year-old man (patient 2) with essential myoclonus. 
The left hemisphere is shown at left. Three sections 5, 7, and 9 cm above 
the canthomeatal (CM) plane are shown. The color scale indicates 
regional cerebral blood flow given in percent relative to the cerebellum. 


CSsN-TCI-HMPAO 
HIGH RESOLUTION 


CM+9CM 





99m-d,l-hexamethylpropyleneamineoxime 


HMPAO images showed that the fron- 
totemporal low-flow region extended 
into the parietal lobe as well. The iso- 
tope distribution in the basal ganglia 
and occipital lobes was normal (Table). 
An image section from the low-reso- 
lution study performed in the son is 
compared with that of the father in Fig 
3. The isotope uptake was reduced in 
the left hemisphere in both patients. 


COMMENT 
Until the present, although a number 


of studies have been conducted about 
HEM, to our knowledge no biochemical, 
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99m-d,l-hexamethylpropyleneamineoxime 
(HMPAO) and low-resolution single-photon emission computed tomo- 
graphic scans of a 40-year-old man (patient 2, left) and his 6-year-old 
son (patient 1, right). The left hemisphere is shown at left. One section 
located approximately 5 cm above the canthomeatal plane is shown. 
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Regional Cerebral Blood Flow in a Father and Son With Essential Myoclonus* 













































































































































Region Section Father Son 
Xenon Xe133 study 
Cerebellum CM + 1cm —4.0 
Cerebral hemisphere CM + 5 cm 6.7t 
Superior frontal cortex CM + 7 cm 6.1t 
Inferior frontal cortex CM + 5 cm 6.7ł 
Temporal cortex CM + 5 cm 11.0ł 
Superior occipital cortex CM +7 cm 3.1 
Basal ganglia CM + 5 cm 4.9 
Frontotemporal ROI CM + 3 cm 13.0t 
Frontotemporal ROI CM + 5 cm 11.0t¢ 
Frontotemporal ROI CM+7 cm 15.0t 
High-resolution [technetium Tc 99m]-d,/-HMPAO study 
Midinferior temporal cortex CM + 5, 7 cm 8.3tł 
Frontal ROI CM + 5 cm 14.0ł 
Parietal ROI CM + 9 cm 13.2ł 
Low-resolution [technetium Tc 99m]-d,-HMPAO study 
Frontal ROI CM + 5 cm 4.9 3.6 
Temporal ROI CM+5cm 8.2t 0 
Frontotemporal ROI CM + 5 cm 9.3t 5.8t 





* Regional side-to-side asymmetry ratios (SAI) are given for cerebral blood flow values in selected regions 
of interest (ROI) from sections shown in Figs 1 through 3. HMPAO indicates hexamethylpropyleneamineoxime, 


CM, canthomeatal. 


tSignificantly abnormal SAI (ie, deviating >2 SDs from mean SAI for control subjects of the same age)."' 


pharmacologic, or clinical study has elu- 
cidated the pathophysiologic mecha- 
nism underlying this disease.‘ To our 
knowledge, there are no published ana- 
tomopathologic correlates in this dis- 
ease with a benign course, and neither 
electrophysiologic nor radiologic stud- 
ies have disclosed any abnormalities. 
Only by certain clinical similarities with 
more common types of action myoclonus 
have some authors suspected a “bulbo- 
pontocerebellar dysfunction” to be a 
possible cause of HEM. ™” 

To our knowledge, this blood flow 
study is the first to provide a direct clue 
toward an understanding HEM. Both 
patients described herein had a clinical 
syndrome limited to right arm jerks, 
and both showed a relative hypoperfu- 
sion of the left cerebral hemisphere as- 
sociated with a crossed cerebellar 
diaschisis. In the father, this result was 
confirmed with two different tech- 
niques for the measurement of rCBF. 
Both patients were studied during rest 
only, as the jerks were too short-lasting 
for an ictal study to be performed. 

These data would at first suggest that 
the underlying lesion causing these 

right arm jerks is an extensive contra- 
lateral cerebral hemispheric lesion, of 
perhaps a degenerative nature, as the 
flow deficit is not of a vascular distribu- 
tion. However, in our cases of HEM, as 
in other published cases,** no focal le- 
sions or atrophy were demonstrated on 
<a computed tomographic scan, nor were 
there any abnormalities on EEGs or 
VEPs. Logically, one would expect 
such an anatomic lesion of such vast cor- 
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tical extent to have some kind of radio- 
logic or electrophysiologic repercus- 
sion. Therefore, the unilateral 
hemispheric cerebral blood flow hypo- 
perfusion we observed cannot be attrib- 
uted to a vast cortical lesion. A more 
plausible explanation for this finding 
would be the existence of a small subcor- 
tical lesion in the midbrain, with a sec- 
ondary deafferentation of the ipsilateral 
frontal lobe as well as of the contralater- 
al cerebellar lobe. In our patients, the 
rCBF pattern in the midbrain was con- 
sidered normal. With the [“"Tec]-d,l- 
HMPAO technique, the resolution is 
sufficiently high to calculate side-to- 
side differences in rCBF in many mid- 
brain structures. However, for statisti- 
cal reasons, a flow reduction in these 
areas must be severe to be significant." 
Therefore, although we found normal 
rCBF in the subcortical structures, a 
very mild flow reduction in these areas, 
in addition to the marked cortical flow 
reduction, could not be excluded. 
Deafferentation is a hypothetical 
mechanism that has mainly evolved 
from the study of diaschisis on cerebral 
blood flow and metabolism studies when 
acute hemispheric cerebral infarction 
was discovered to be linked with a de- 
crease of regional flow and metabolism 
in areas of the brain remote from the 
infarcted tissue. Diaschisis is defined as 
the temporary depression of function in 
an area remote from the site of the pri- 
mary injury. One of the first such de- 
scribed was the “crossed cerebellar 
diaschisis” with hypoperfusion of a cere- 
bellar lobe due to a contralateral hemi- 


spheric cerebral lesion.” The mecha- 
nism invoked is of deafferentation, a 
functional transneural depression by 
deactivation of connecting neural path- 
ways.” This same mechanism has been 
used to explain other types of diaschisis, 
such as the ipsilateral parietal hypoper- 
fusion seen with thalamic" or internal 
capsule” lesions and the frontal hypo- 
perfusion that has been described in 
some cases of Parkinson’s disease," 
Huntington's disease,” progressive su- 
pranuclear palsy, *"* neuroacanthocyth- 
osis,” and even depression.” Clinically, 
frontal deafferentation has been the 
postulated cause of the multiple cogni- 
tive deficits described in association 
with these later diseases. It must be 
noted, however, that frontal hypoperfu- 
sion or hypometabolism can coexist 
with normal cognition," particularly in 
the healthy elderly person. 

In keeping with this hypothesis of a 
primary subcortical lesion as the origin 
of HEM, an analogy can be attempted 
between HEM and other types of sub- 
cortical myoclonic disease, such as seg- 
mental myoclonus, which involves mus- 
cles or groups of muscle supplied by 
contiguous segments of the brain stem 
without EEG abnormalities. In their 
study of 18 cases of segmental branchial 
myoclonus, Jankovic and Pardo” ob- 
served many possible causes and sus- 
pected that the underlying mechanism 
was abnormal discharges in the inter- 
neurons and motor neurons due to focal 
lesions of the inhibitory pathways, par- 
ticularly in the midbrain. Other central 
nervous system regions implicated in 
the pathophysiologic features of other 
types of subcortical myoclonus include 
the Guillain-Mollaret triangle in palatal 
myoclonus” and other types of segmen- 
tal myoclonus,~” the substantia nigra 
and the dentate nucleus in progressive 
familial myoclonic epilepsy,” the medul- 
lary reticular formation in reticular re- 
flex myoclonus,” and the central pons in 
a case associated with ocular bobbing.” 
In contrast, cortical myoclonus is usual- 
ly multifocal and associated with either 
an abnormal EEG or giant somatosen- 
sory visual evoked potentials.” 

In conclusion, in these cases of HEM 
characterized by one-sided myoclonus, 
we have shown the existence of a con- 
tralateral cerebral blood flow hemi- 
spheric hypoperfusion. We believe that 
this finding can be best explained by a 
secondary deafferentation due to a 
small primary subcortical lesion, locat- 
ed in the brain stem or in the basal gan- 
glia, with this lesion being the funda- 
mental cause of HEM. 
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The American 
Neurological Association 
Call for Papers 


The 117th Annual Meeting of the American Neuro- 
logical Association will be held at the Royal York Hotel, 
Toronto, Ontario, beginning at 8:30 AM Monday, Octo- 
ber 19, and ending at 1:00 PM Wednesday, October 
21, 1992. 


1. Authors need not be members of the American 
Neurological Association nor be sponsored by a 
member. All are welcome to submit abstracts. Ac- 
ceptance will be based entirely upon quality, without 
consideration as to status of membership in the ANA 
or type of presentation. Poster sessions will be ex- 
panded; therefore posters are encouraged. 

2. An abstract, not exceeding 200 words in length, 
double-spaced, should be submitted to the Program 
Chairman. Deadline for receipt of abstracts is March 
2, 1992. Please spell out all abbreviated terms at first 
use or, if many abbreviations are used, attach a 
separate sheet listing spelled-out abbreviations. No 
continuation page, illustrations, or tables are to be 
included. An original and 10 copies must be sub- 
mitted. Abstracts must report work not presented or 
published prior to the meeting. Additional forms 
may be photocopied. 

3. Abstracts are solicited on the following topics: 

Behavioral Neurology 

Cerebrovascular Disease 

Dementia and Aging 

Degenerative Diseases 

Epilepsy 

Headache and Pain 

Movement Disorders 

. Neuromuscular Disease 

Neuroscience 

Neuroimmunology 

Neurooncology 

Neuroophthalmology 
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ALL PLATFORM AND POSTER PRESENTERS MUST REGISTER 


A REDUCED ANNUAL MEETING REGISTRATION FEE. 


The American Neurological Association 


. Neuropharmacology 
Pediatric Neurology 
Rehabilitation, Regeneration and Recovery 
Neurovirology 
Trauma/Injury 
Other 

Authors are asked to indicate the specific topic in the 

box provided on the abstract form. Please use the letter 

designation. 

4. The time allowed for presentations from the platform 
and posters may vary according to the material pre- 
sented and needs of the session. Authors will be 
notified by the chairperson. 

5. Annals of Neurology is the official journal of the 
American Neurological Association. All papers 
presented at the annual meeting must be submitted 
to the Editor for consideration by the Editorial Board 
of the Annals. Authors not wishing to have their 
papers considered by the Annals must obtain a 
release in writing from the Editor before submitting 
them for publication elsewhere. 

6. The ANA is offering two Travel Fellowships to per- 
sons in, or within two years of having completed a 
residency in Neurology. The individual should be the 
first and presenting author of the work. Selection 
is based on the quality of the abstract as well as the 
applicant’s potential to enter an investigative field 
of neuroscience. 


POVOZE 


Please indicate on the reverse side if this abstract 
should be considered for a Travel Fellowship and 
enclose: 1) the applicant’s CV; and 2) a letter of 
recommendation from the applicant’s Residency Pro- 
gram Director or the research mentor. 


Send abstracts and correspondence to: 


Chairman, Scientific Program Committee 
2221 University Avenue SE, Suite 350 
Minneapolis, MN 55414 

(612) 378-3290 
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History of Neurology 


Neurologic Disease Described in the 
Journal of Empirical Psychology 
(Gnothi Sauton oder Magazin zur 
Erfahrungsseelenkunde), 1783-1793 


Hans Förstl, MD 


è Know Thyself or Journal of Empirical 
Psychology (Gnothi Sauton oder Magazin zur 
Erfahrungsseelenkunde), 1783-1793, was the 
first of its kind—concentrating on nervous 
and mental disturbances and marking the 
beginning of periodical neuropsychiatric 
publications. The editor, Karl Philipp Moritz, 
and the contributors, many of them lay peo- 
ple, were particularly interested in distur- 
bances of language and consciousness. De- 
scriptions of epilepsy, Sydenham’s chorea, 
jargon aphasia, and dementia are briefly 
summarized. The case material from the 
Journal was soon translated and integrated 
in later work. The Journal itself and its “em- 
pirical” approach became a model for publi- 
cations that followed. 

(Arch Neurol. 1992;49:187-188) 


Ka! Philipp Moritz (1757-1793) (Fig- 

ure) was one of the most influential 
characters of the Enlightenment in Ger- 
many. He was born in Hameln near 
Hanover. Due to his parents’ poverty, 
he was forced into an apprenticeship as 
a hatter until a grant allowed him to 
study theology. He abandoned the uni- 
versity temporarily to become an actor. 
Later on he worked as a private teacher 
in Dessau, Potsdam, and at a grammar 
school in Berlin. He traveled to England 
and to Italy and wrote reports, novels, 
and several works on aesthetics and lan- 
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guage. In 1789, he became Professor of 
Aesthetics and Archaeology at the 
Academy of Arts in Berlin. 

In 1783, he founded Gnothi Sauton 
oder Magazin zur Erfahrungsseelen- 
kunde (ie, Know Thyself or Journal of 
Empirical Psychology), which can be 
considered as the first journal specializ- 
ing in psychologic issues and related 
fields, eg, neurologic and neuropsycho- 
logic case studies.”* 


NEUROLOGIC CASE REPORTS 


Case reports form the core of the 
Journal. By standards of modern diag- 
nostic criteria, 124 of them can be con- 
sidered as reports of pathologic condi- 
tions. The majority of the patients 
suffered from psychiatric disorders that 
have been rediagnosed using current 
criteria.” Neurologic conditions were 
described in great detail, although diag- 
noses can, at best, be tentative. Cere- 
brovascular disorders are likely in eight 
cases, Meningitis or encephalitis in four, 
and epilepsy in five. The following para- 
graphs can only present brief excerpts 
translated from several lengthy re- 
ports. The following disturbance was 
observed in a young theologian: 


. . . He developed seizures lasting several 
minutes during which he did not know what 
he was doing. Sometimes, when he attended 
asocial gathering he raised from his chair and 
said: ‘it is time to go to bed!’ and began to 
undress. But soon became aware of the situa- 
tion and left ashamed and sad. [Reiske EC, 
1785;3] 


Because of these spells, which also oc- 


curred during church services, the pa- 
tient was forbidden to preach, became 
depressed, paranoid, drank too much 
brandy, developed “epileptic” seizures, 
and died in an asylum. 

The next excerpt describes an epilep- 
tic aura preceding a probable grand-mal 
seizure in a 17-year-old boy: 


. . . Lasked him how he would feel when the 
paroxysm was about to come. He answered 
that it always begins in the stomach which 
feels very hot, then the heat seizes the head 
and then he becomes increasingly stunned 
and everything becomes dark before his eyes 
before he completely loses consciousness. 





Portrait of Karl Philipp Moritz (1756-1793), the 
founder and editor of Gnothi Sauton oder Ma- 
gazin zur Erfahrungsseelenkunde (print by Pe- 
ter Haas, 1794). 
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This was, as I could observe myself, the mo- 
ment when the convulsions started and last- 
ed at least eight minutes, often however up 
to half an hour. [Mauchart JD, 1784;2] 


For 6 months, an 8-year-old girl 
showed a movement disorder reminis- 
cent of Sydenham’s chorea: 


... She could not stand still although her 
mother held her by her left hand. She moved 
her hands, feet and even her head continu- 
ously and sometimes so vigorously as if she 
wanted to dance. Her speech was volatile, 
wild and mostly incomprehensible. [Gadicke, 
1786;4] 


The author recommended a bloodlet- 
ting and “asa foetida” as a purgative, 
because he suspected that the cause of 
illness was an infestation by worms. Al- 
legedly she passed a large number of 
Ascares for 6 weeks and after 12 weeks 
“her physical and mental health was re- 
stored completely.” 


NEUROPSYCHOLOGIC DISTURBANCES 


Detailed descriptions of neuropsy- 
chologic disturbances were one of the 
Journal’ strengths. These contribu- 
tions were encouraged by the editor's 
particular interest in the field. Several 
of the neuropsychologic cases first pub- 
lished in the Journal were soon trans- 
lated into English.*” Some of them have 
gained attention in recent accounts on 
the history of aphasiology””: 

a case of motor aphasia and agraphia 
probably due to a transitory ischemic 
attack (1783;1); 

a case of phonemic paraphasia in a 
patient substituting z for f(1789;7); 

a case of semantic paraphasia in a pa- 
tient mixing up the words for chair and 
table, book and glass (1789;7); and 


1. Moritz KP. Gnothi Sauton oder Magazin zur 
Erfahrungsseelenkunde als ein Lesebuch für Ge- 
lehrte und Ungelehrte, Vol I-X. Berlin, Germany: 
August Mylius; 1783-1793. (Vol 1, Part 1 translated 
by Förstl H, Howard R in: Hist Psychiatry. In 
press.) 

2. Forstl H, Angermeyer M, Howard R. Karl 
Philipp Moritz’ Journal of Empirical Psychology 
(1783-1793): an analysis of 124 case reports. Psy- 
chol Med. 1991;21:299-304. 

3. Eng E. Karl Philipp Moritz’s Magazin zur 
Erfahrungsseelenkunde (Magazine of Empirical 
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the case of pure word deafness (or 
hysteria?") in an artillery officer who 
could read aloud, but who could neither 
speak spontaneously nor repeat spoken 
words (1790;8). 

The following two cases have not been 
published in English before. The 78- 
year-old farmer Samuel Klose present- 
ed with what might be considered as a 
typical example of jargon aphasia in the 
late 18th century: 


. . . Hecould recite 3 long morning songs and 
the common prayers rather intelligibly one 
after the other, and he could at most say the 
names of God and such formulas, but to his 
relatives or visitors he could not say any 
comprehensible words in reasonable associa- 
tion. . . . He felt this incapacity, cried, be- 
came upset and showed his indignation utter- 
ing ‘Christus Jesus God's Son’. . . [Mr. K. in 
T., 1784;2] 


“Over-working” as a serious risk fac- 
tor for neurological or psychiatric dis- 
ease was stressed in several reports of 
the Journal and until the mid-19th cen- 
tury.* In the next example it is said to 
have caused “final feebleness,” which 
may be a euphemistic term for 
dementia. 


My husband, who, as is well-known, had 
worked a lot with his head, and who had 
known many languages, mixed them alto- 
gether in his final feebleness. Sometimes he 
made up his words from all of them, and there 
was not one which would have expressed 
what he intended to say. Often he said one 
single German word twenty times or more, 
or a lot of inconsistent words without being 
able to find the one he needed. Then he said 
anxiously ‘Cannot!’ So one could see that he 
had reason and that he heard what he said. 
However, as I know all his ideas and his 
needs, I could always guess what he wanted 
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In Tourette Syndrome 


ORAP” 


_ (pimozide) Tablets 
Helps Patients Be Themselves 


Excellent 
Symptom Control 


“Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol 

Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(p <.02), and 84% rated pimozide better 
overall than haloperidol. 


Significantly Less 
Sedation than 


Haloperidol 


In a double-blind, placebo-controlled 
study, ‘‘Pimozide was associated with 
lethargy or tiredness or ficantly fewer 
days than haloperidol (p <.01), and this 
was reflected in greater immediate and 
long-term patient acceptance..." 2 


Documented 
Clinical Experience 


Pimozide has been used in the treatment 
of Tourette Syndrome for over 10 years! 


For more information on ORAP call 
1-800-292-4283, 


TheLessSedating Therapy. 


pe 


for Tourette Syndrome 


AP is indicated for patients who have failed to respond 


satisfactorily to standard treatment 


GATE Pharmaceuticals 
Division of Lemmon Company 
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ORAP™ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 


severely compromised by the presence of motor and phonic tics. 

Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical investigations 
53 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


history of cardiac arrhythmias, or 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4. ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5. ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 

The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently a decision to use ORAP should take into, conside: ration the 
following: (see also PRECAUTIONS-Intormation for Patients). 
Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderly women, itis impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 

is unknown. 

dyskinesia and the likelihood that it will become 


and of the syndrome and thereby may possibly mask the u! process 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is 


unknown. 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
chronic iliness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. in patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satisfactory clinical response should be 
sought. The need for continued treatment should be reassessed periodically. 

f signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS-Information for 
Patients.) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant 


inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
primary central nervous (CNS) pathology. 


Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were recerving 
dosages in the range of 1 mg per kg. ‘One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
periodically thereafter, especially during the period of dose adjustment. 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS—Carcinogenesis, Mutagenesis, Impairment of Fertility) 


PRECAUTIONS 
General ORAP (pimozide) may impair the mental and/or physical abilities required for 
jally hazardous tasks, such as driving a car or operating 


Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of OT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 

Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 


Drug Interactions Because ORAP prolongs the OT interval of the electrocardiogram, an 
additive effect on OT interval would be anticipated if administered with other drugs, such 














as , tricyclic antidepressants or anti ic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS). 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, amdolytics, and alcohol 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as ja at doses 
approximating the human dose and adenoma at doses about fifteen times the maxmum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 


Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 


cancer. Although disturbances y 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 

H studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time. 

in a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an eflect 
also produced by other antipsychotic drugs. 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. in the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide shouid be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 


Labor and Delivery This drug has no recognized use in labor or delivery. 


Nursing Mothers It is not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumongenicity 
and unknown cardiovascular effects in the intant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 


years of age is limited_ 
Because its use and safety have not been evaluated in other childhood disorders. 
ORAP is not recommended for use in any condition other than Tourette's Disorder 


ADVERSE REACTIONS 

General: Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperreflexia, opisthotonos, oculogyric crises) have been reported far less frequently 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 


benztropine mesylate or trihexyphenidy! 
such reactions. It should be noted that persistent 
reported and that the drug may have to be discontinued in such cases. 

Withdrawal Emergent Neurological Signs. Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 
i 7 from the syndrome described below under Tardive Dyskinesia’ except 


Movements 
puckering of mouth, chewing movements) 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia: antiparkinson agents 
usually do not alleviate the symptoms of this syndrome It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be mecessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to 2 different 
antipsychotic agent, this syndrome may be masked 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 


not develop. 

Electrocardiographic Changes: Electrocardiographic changes have been observed in 
clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 


occurred at doses above 20 mg/day 
Neuroleptic Malignant Syndrome: Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information conceming NMS ) 
Hyperpyrexia: Hyperpyrexia has been reported with other antipsychotic drugs. 
Clinical Trials The following adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 


Body System/ Pimozide Placebo 
Adverse Reaction (N= 20) (N=20) 


1 2 
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Because clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions In addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette's Disorder. 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory: Postural hypotension, hypotension, hypertension, 
tachycardia, palpitations 

Gastrointestinal. Increased salivation, nausea, vomiting. anorexia, Gl distress 

Endocrine: Loss of libido 

Metabolic/Nutritional: Weight gain, weight loss 

Psychiatric: Excitement 

Special Senses: Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
lear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 
In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 


depression. 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised. Electrocardiographic 
monitoring should immediately and continue until the ECG parameters are 


as metaraminol, and norepinephrine. Epinephi |. 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdose 
‘should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control center for additional information on the treatment he. 
overdose. 


DOSAGE AND ADMINISTRATION 
Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 


not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP. consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse betore 
one concludes that an increase in i i ii 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint "LEMMON" and "ORAP-2”—NDC 
57844-187-01, bottles of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 


Made in Canada 
Manufactured by: 
McNeil Pharmaceutical, (Canada) Ltd. Printed in USA 
Stouffville, Ontario L4A 7x7 Rev. A 6/88 
+ 
GAT GATE Pharmaceuticals 
Division of Lemmon Company 


1. Shapiro AK et al: Pediatrics 79:1032-1038, 1987. 
2. Ross MS et al: Am J Psychiatry 135:585-587, 1978. 





Current hypotheses suggest 
Calcium influx is a key 
component of ischemic injury’ 


Photomicrograph of depolarized cultured rat 
hippocampal neuron, showing elevated 
intracellular calcium. Blue represents lowest 
and gray represents highest concentration of 
metabolically active ionized calcium. 





Ischemia is associated with calcium influx which activates 
phospholipases and degrades neuronal cell membranes?“ 


Cerebroselective calcium channel blockade 
may protect against ischemic injury 


NIMOTOP modulates calcium influx to promote 
cerebral perfusion and may directly protect neurons’? 


Left. 


Nimodipine-treated cultured rat hippocampal 
neuron under depolarizing conditions, 
showing decreased intracellular calcium. 


Right. 
Cultured rat hippocampal neuron showing 
normal intracellular calcium.’ 





In aneurysmal subarachnoid hemorrhage 


CEREBROSELECTIVE 





ipi ) Please see following page for brief summary. 


CAPSULES 


30 mg 


Reduces the consequences of cerebral ischemia 


In aneurysmal subarachnoid hemorrhage 
CEREBROSELECTIVE 


Z eee 


IMOITOP 


ni 


ipine) 


CAPSULES 130mg 





Reduces the consequences of cerebral ischemia 


BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological outcome by reduc- 
ing the incidence and severity of ischemic deficits in patients with subarachnoid hemorrhage 
from ruptured congenital aneurysms who are in good neurological condition post-ictus (e.g-, 
Hunt and Hess Grades I-III). 


CONTRAINDICATIONS 
None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
thage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Intestinal pseudo-obstruction and ileus have been reported rarely in patients treated with 
nimodipine. A causal relationship has not been established. The condition has responded to 
conservative management. 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinic al trials. 

A study in eight healthy volunteers has shown a 50% increase in mean peak nimodipine 
plasma concentrations and a 90% increase in mean area under the curve, after a one-week course 
of cimetidine at 1,000 mg/day and nimodipine at 90 mg/day. This effect may be mediated by the 
known inhibition of hepatic cytochrome P-450 by cimetidine, which could decrease first-pass 
metabolism of nimodipine. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general re roductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg qth ina 50kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral 
doses of 1 and 10 mg/kg/day administered (by gavage) from day 6 through day 18 of pregnancy but 
not at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased 
incidence of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was 
embryotoxic, causing resorption and stunte growth of fetuses, in Long Evans rats at 100 
mg/kg/day administered by gavage from day 6 through day 15 of pregnancy. In two other rat 
studies, doses of 30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and 
continued until sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher 
incidences of skeletal variation, stunted fetuses and stillbirths but no malformations. There are 
no adequate and well controlled studies in pregnant women to directly assess the effect on human 
fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine, The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo _ 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n=82) (n=7i) (n=494) (n=172) (n=4) (n= 479) 
Decreased 
Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2(50.0) 6 (1.2) 
Abnormal Liver 
Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 242) O 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(L2) 0 3 (0.6) 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n= 4) (n= 479) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 TED: 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne” 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthead- 
edness: dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel PaT It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0. 3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0. Po) have been 
reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. > 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
ahole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic cirrhosis have substantially reduced clearance and approximately dou- 
bled Cmax. Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood 
pressure and heart rate 
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` Practice of Neurology 


Practice Guidelines in Neurology 
Will They Get Us Where We Want To Go? 


Matthew Menken, MD 


Of the many noteworthy changes in 
neurologic practice in recent years, 
the development of practice guidelines 
(PGs) is certainly among the most im- 
portant, since guidelines have the po- 
tential to exert a powerful and beneficial 
influence on the patterns of responsibil- 
ity in practice and the quality of care.’ 
As defined by a committee of the Insti- 
tute of Medicine, PGs are “systemati- 
cally developed statements to assist 
practitioner and patient decisions about 
t appropriate health care for specific clin- 
ical circumstances.” Although infor- 
mally developed PGs are no doubt as old 
as the medical profession itself, what 
has become distinctly different in recent 
years is that some PGs represent official 
policies of institutions and organizations 
concerning the optimum diagnostic pro- 
cedure or treatment in specific medical 
care situations. Interest in PGs has 
emerged in professional societies, man- 
aged care plans, insurance companies, 
and governmental agencies, among oth- 
ers. Ironically, there are no guidelines 
for developing guidelines, so that a vari- 
ety of strategies have been employed. 
For example, the Clinical Efficacy As- 
sessment Project of the American Col- 
lege of Physicians relies on experts in 
literature analysis to develop back- 
ground papers that summarize the liter- 
ature, using state-of-the-art secondary 
analysis of published data, whereas the 
Harvard Community Health Plan relies 
primarily on the judgment and consen- 
sus of its own staff physicians.*“ 
Moreover, the health systems of 
*many countries have developed similar 
programs. In the United Kingdom, a 
working group of the Royal College of 
Physicians Research Unit has recently 
identified standards of care for patients 
with neurologic disease, and the Na- 
tional Health Service has required each 
health district to implement by 1991 a 
system of medical audit, defined as “a 
systematic critical analysis of the quali- 
ty of medical care, including the proce- 
dures used for diagnosis and treatment, 
the use of resources, and the resulting 
outcome for the patient.” A binational 
comparison demonstrates that peer-re- 
viewed evidence in the biomedical liter- 
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ature is sometimes outweighed by so- 
ciocultural values in the development of 
PGs. For example, in developing PGs 
for neurologic evaluation, the American 
Academy of Neurology Quality Stan- 
dards Subcommittee concluded that a 
“properly performed neurologic evalua- 
tion has no complications or contraindi- 
cations,” whereas the Royal College 
working group recommended that “neu- 
rologists and others should be more 
ready to advise by telephone patients 
known to them, and their family doc- 
tors, so that the rigours of an outpatient 
appointment can be avoided.” Both 
groups relied on internal opinion and 
consensus; a detailed MEDLINE 
search by the American group revealed 
no relevant evidence, and the British 
group responded to background papers 
prepared by content experts. 


THE RENEWED INTEREST IN 
PRACTICE GUIDELINES 


There are two major reasons for the 
renewed interest in PGs in the United 
States. First, rising health care expen- 
ditures, estimated at more than $600 
billion (or 12% of the gross national 
product) for 1991, and $1.5 trillion at the 
end of the “Decade of the Brain,” have 
created severe hardships for many peo- 
ple, and have impacted unfavorably on 
the competitiveness of American busi- 
ness. The Physician Payment Review 
Commission, established by Congress 
in 1986 to advise it on ways to reduce the 
cost of paying for physicians’ services, 
proposed that total costs would be less- 
ened by an investment of several hun- 
dred million dollars annually for tech- 
nology research and the development of 
practice guidelines. Supported by the 
American Medical Association, this rec- 
ommendation has received less atten- 
tion than the Commission’s other con- 
troversial proposals (not supported by 
organized medicine) to replace the “cus- 
tomary, prevailing, and reasonable” 
payment system with a relative value 
scale based on resource costs, to elimi- 
nate differential payments for the op- 
portunity costs of specialty training, to 
identify a national total expenditure 
target for all physicians services, and to 
provide whatever funding the Health 
Care Financing Administration re- 
quests for program administration, es- 
pecially medical review.’ 

Second, the widespread variation in 
the rate with which specific procedures 
and interventions are performed in dif- 


ferent medical service areas, which has 
been noted for more than 20 years, is 
now thought by many health policy ana- 
lysts to result from overuse much more 
often than underuse.’ Clearly, such 
variations indicate a lack of reliable in- 
formation about the outcomes for pa- 
tients of alternative diagnostic and 
treatment strategies, especially the 
lack of evidence that more intensive 
care produces better results than less 
intensive care within the range of ser- 
vices provided for most Americans. The 
marked variability of clinical practice 
from one physician to another, and from 
one medical service area to another, is 
identified as a symptom that the science 
of health care itself has lagged behind 
the science of its biomedical foundation. 

Almost every study that has looked 
for overuse has found it, and respected 
researchers have estimated that the 
elimination of as much as 25% of total 
hospital days and procedures, and per- 
haps 40% of all medications, would actu- 
ally improve the overall quality of medi- 
cal care and the health of the nation.® 
The uncertainty inherent in many clini- 
cal circumstances, coupled with the fi- 
nancial incentives physicians have to do 
everything that might possibly be of 
benefit for each patient, foster a “more 
is better” attitude toward quality of 
care among practitioners, a viewpoint 
encouraged still further by the litigious 
climate of practice that currently pre- 
vails in the United States. Thus, many 
have argued that the creation of institu- 
tions capable of developing PGs might 
reduce the extent of medical practice 
variations, and the amount of inappro- 
priate care.’ A consensus has emerged 
that not all practice styles are equally 
valid, and that professionals need to 
make a concerted effort to identify what 
might be called the chaff of medical care 
that society can no longer afford.° 


THE EXPANDING ROLE OF 
GOVERNMENTAL GUIDELINES 


To understand current activity in the 
field of PGs, it is essential to understand 
the related but distinct concepts of the 
quality of medical care, vis-a-vis its ef- 
fectiveness. Professional quality is a 
measure of the degree of competence in 
the provision of services. Effectiveness, 
on the other hand, is a broader and more 
inclusive parameter, since it tries to 
identify those services now provided 
that could be eliminated, as well as 
those necessary services not currently 
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provided. If quality asks: “How well do 
we do what we do?”, then effectiveness 
asks: “Is what we are doing worth do- 
ing, or less important than something 
else we should be doing instead?” In 
1986, the US Public Health Service 
launched an effectiveness initiative, in- 
cluding the establishment of a Patient 
Outcome Assessment Research Pro- 
gram at the National Center for Health 
Services Research and Health Care 
Technology Assessment." In 1989, re- 
flecting the perceived importance of 
this activity, the Outcome Program be- 
came the broader Medical Treatment 
Effectiveness Program, while the Na- 
tional Center was replaced by the more 
prestigious Agency for Health Care 
Policy and Research, equivalent in gov- 
ernmental status to the National Insti- 
tutes of Health. Among its activities, 
this agency is responsible for conduct- 
ing evaluations of the impact of PGs on 
the effectiveness of medical care." 

As an example of the role that govern- 
ment is capable of playing in the medical 
commons, The Omnibus Budget Recon- 
ciliation Act of 1987 provided the scaf- 
folding for the development of federally 
mandated PGs for the use of psychoac- 
tive medications in nursing homes, in- 
cluding neuroleptics. This followed 
from the perception among the public 
and its elected officials that standards of 
institutional care for the demented el- 
derly suffered from neglect by orga- 
nized medicine, academic medical cen- 
ters, and most busy practitioners, and 
that such medications were often being 
overused inappropriately to make nurs- 
ing care easier for providers. Inter alia, 
these PGs require that attempts to re- 
duce the dosage of neuroleptics and to 
discontinue their use (“drug holidays”) 
be documented in the record; they pro- 
hibit the use of neuroleptics on a pro re 
nata basis; and they limit drugs such as 
chlordiazepoxide and diazepam to no 
more than 7 days of continuous use.” 
Although excellent studies have repeat- 
edly confirmed the usefulness of neuro- 
leptics in providing help for demented 
people with delusions, hallucinations, 
and aggressive agitation, one conse- 
quence of federal PGs might be that 
some practitioners would eschew the 
use of such medications altogether, 
even when they might be beneficial, as a 
“defensive” step to avoid criticism 
should a side effect occur, or a family 
complaint arise. Two key conceptual 
distinctions in the scope and character 
of PGs are therefore necessary. First, 
PGs can serve as general guides or as 
detailed protocols with little latitude for 
judgment. Second, PGs can serve as 
aids for clinical decision making or as 
medical review criteria for external 
practice evaluation. 
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GOALS AND METHODS OF 
GUIDELINE DEVELOPMENT 

The goals of PGs must be clearly stat- 
ed, if they are to be of value for the 
practitioners. Sometimes the goals are 
not delineated at all, or are stated in 
very general terms, such as to improve 
the quality of care. Greater specificity 
makes PGs easier for the neurologist to 
use in practice. As an example of clearly 
focused PGs, the Therapeutics and 
Technology Assessment Subcommittee 
of the American Academy of Neurology 
produced an interim assessment of ca- 
rotid endarterectomy in 1989, including 
the statements that each surgeon's com- 
bined mortality and morbidity rate due 
to stroke during and after carotid endar- 
terectomy should be less than 3% in 
asymptomatic patients, and that “for- 
mal ongoing audits” should be carried 
out in all medical institutions in which 
this procedure is performed." In other 
organizations, the principal goals of PGs 
might be to control costs, or to facilitate 
the resolution of difficult ethical dilem- 
mas, among others. For example, the 
American Society of Anesthesiologists 
made it clear that the goals of its PGs 
were to foster risk management and the 
reduction of malpractice premiums.” 

If PGs are developed by nationally 
recognized experts, using data from 
randomized, controlled trials carried 
out in teaching and referral centers, 
then the value for local care settings 
may be questionable. The central issue 
of importance for clinicians is whether 
standards of good practice are uniform 
across all care settings, and all special- 
ties and subspecialties, as I have dis- 
cussed previously in the case of steroid 
treatment for patients with multiple 
sclerosis. For example, in many clini- 
cal trials the spectrum of illness is neces- 
sarily focused sharply, so that the case 
mix might not reflect that of most pa- 
tients encountered in primary and sec- 
ondary (community-based) care. For 
PGs to be effective, patients must be 
stratified into appropriate subgroups 
with typical or unusual characteristics, 
applying guidelines to the unexception- 
al group only. 

Given the constraints of office-based 
practice, the lack of experts in some 
fields, the questionable quality of some 
technology, and the medical and demo- 
graphic characteristics of patients, it is 
generally acknowledged that the PGs 
derived from clinical trials conducted by 
experts may be “irrelevant” for the av- 
erage clinician.” For example, an excel- 
lent randomized trial of surgery for the 
treatment of single brain metastases 
carried out in a neuro-oncologic center 
concluded that about 25% of such pa- 
tients would benefit from this therapy.” 
Clearly, the extremely low operative 


morbidity in this study, the use of a 
detailed and repetitive functional scor- 
ing process as the foundation for treat- 
ment decisions, and the routine perfor- 
mance of a lumbar puncture (in patients 
with a known brain tumor) to rule out 
leptomeningeal carcinomatosis could 
not be routinely duplicated by practic- 
ing neurologists and neurosurgeons in a 
community hospital framework, where 
the great majority of brain metastases 
in the United States are treated. 

If PGs are to be optimally helpful, 
then implementation and evaluation are 
just as important, if not more so, than 
the methods used in developing them. 
Implementation includes dissemination 
(making sure that recipients know how 
to use the guidelines and how they were 


a 


developed, including their limitations) * 


as well as the identification of problems 
through monitoring, such as misinter- 
pretation. Concerning the evaluation of 
PGs, or the determination of their im- 
pact on the practitioner's behavior, such 
initiatives are usually given much less 
attention than development and dis- 
semination. For example, it is rarely 
determined if PGs increase or decrease 
the number of procedures undertaken, 
and if so, whether such effects increase 
or decrease the cost of care, as well as 
the quality and effectiveness of care, as 
determined by patient outcomes. In a 
widely publicized case, hospitals and ob- 
stetricians in Ontario, Canada, were 
surveyed before and after the release of 
a widely disseminated and nationally 
endorsed consensus statement, con- 
cerning the indications for cesarean sec- 
tions. This study concluded that the ef- 
fects of PGs on practice behavior were 
modest, and that other incentives would 
be necessary to effect more substantial 
changes.” In addition to the great cost 
of guideline evaluation, there are often 
concerns that results of evaluations™ 
might damage the credibility of PGs, 
might trivialize the development pro- 
cess, or might have the potential to cre- 
ate liability exposure, all of which tend 
to discourage evaluative efforts.” 


THE ROLE OF NEUROLOGISTS 
IN DEVELOPING GUIDELINES 


When the scientific method, so condu- 
cive to the development of explanations 
regarding the biomedical content of 
neurologic care, is also applied to prac- 
tice itself, PGs are one of the anticipated 
results. Yet many clinicians view PGs 
with suspicion. How can we accede to 
the concept of an average patient, yet 
base neurologic practice on a biopsycho- 


social model, which emphasizes individ-__ 


uality? How can we accede to the con- 
cept that, as additions are made to the 
care of one of our patients, a point is 
reached where further measures pro- 
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duce such small increments in outcome 
and quality that they are judged as “not 
worth” the cost? Will PGs stifle innova- 
tion, “hassle” practitioners, increase 
the risk of malpractice liability, and un- 
dermine yet further our sense of autono- 
my and professionalism? In my view, all 
of these considerations, and many oth- 
ers, ought to cause us the sharpest 
distress. 

However, I also suggest that the way 
PGs are used in care depends very much 
on the role that we play in their develop- 
ment and implementation. If neurolo- 
gists react with pessimism, neglect, and 
resentment, or with tentative steps 
that create the form and appearance, 
but not the gritty substance, of PGs, 
then for all practical purposes we will be 
swept along by the decisions of the pub- 
lic and its elected officials, third-party 
payers, and the judicial system. As in 
the domain of bioethics, we need to de- 
cide whether policy is to be guided by 
external regulations that clarify what 
the patient and the neurologist have a 
right to do, or by professional guidelines 
that delineate what it is right for the 
patient and the neurologist to do. 

In deciding how to approach the task 
of PG development, perhaps we should 
recall that, even after the large and rap- 
id growth of our specialty during the 
second half of this century, in the year 
2000 neurologists will number only 
11 755 of a total of 683 000 physicians in 
the United States, or roughly 1.7%. 
Such data suggest that our specialty 
ought to link forces with other groups of 
physicians, national societies, method- 
ologists, economists, and health ser- 
vices researchers, among others, and 
not try to fly solo in developing PGs. It is 
not surprising that single-specialty PGs 
developed by those who carry out diag- 

nostic and therapeutic interventions 
(performers) will almost always differ 
from PGs developed by multidisciplin- 
ary consensus panels in which perform- 
ers are intentionally outnumbered by 
nonperformers.* Moreover, there is an 
obvious potential for single-specialty 
content experts representing each of 
the 24 major specialties to develop in- 
compatible PGs, creating confusion for 
patients and the perception that self- 
interest, rather than care effectiveness, 
is the motivating force in the develop- 
ment of PGs. Since disagreement and 
debate should not only be anticipated, 
but should also be encouraged when 
clinical circumstances are uncertain, all 
relevant medical and surgical special- 
ties, as well as nonclinical experts, 
should work together to the greatest 
extent possible to produce a unified set 
of PGs that everyone can live with, rath- 
er than for each specialty to complain 
when its self-determined PGs are chal- 
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lenged after the fact by other 


specialties. 
CONCLUSIONS 


In recent years, several governmen- 
tal and nongovernmental institutions 
and organizations have developed offi- 
cial PGs that provide the optimum rec- 
ommended diagnostic procedure or 
treatment in specific medical care situa- 
tions. The renewed interest in PGs has 
been reinforced by the rising costs of 
health care and by the widespread medi- 
cal practice variations that result in part 
from the practice styles of individual 
physicians. Modern PGs are based on 
the effectiveness of care, which includes 
quality but also estimates the opportu- 
nity cost of procedures and interven- 
tions undertaken. Where professional 
interest has been lacking, the agencies 
of the federal government have filled 
the gap, labeling as PGs what are, in 
fact, rules and regulations, as in the 
detailed restrictions that limit the use of 
psychoactive medications in nursing 
homes. To be effective, the goals of PGs 
must be clearly stated, narrowly fo- 
cused, and highly specific. Implementa- 
tion and evaluation of PGs are just as 
important as development. The national 
organizations in the field of neurology 
should consider developing PGs by 
means of linkages with other groups of 
specialists and with nonclinical method- 
ologists and health services researchers. 

Finally, when society asks health pro- 
fessionals to concern themselves with 
the effectiveness of medical care, I sug- 
gest that the public is simply reinforcing 
attitudes and values that we should in- 
sist on anyway. In doing the very best 
for our patients, the level of physician 
performance is an essential component, 
but it is also crucial that performance- 
based estimations of quality be predi- 
cated on meticulous care outcome mea- 
sures, ie, inclusive of the concept of 
effectiveness. The great paradox of 
modern medical and neurologic care is 
that the astonishing successes of bio- 
medical science, together with the lack 
of such advances in the clinical science of 
health care, have created situations in 
practice where we know what can be 
done and how to do it, but not always 
whether, when, or why to do it. 

Asa result, the doctrine that “more is 
better” often prevails in care, if only 
because we have not learned any other 
models of social management. If we ac- 
cept the challenge of providing the most 
effective care that modern science can 
offer, then perhaps in some situations 
we need to jettison the single-minded 
approach to neurologic care whose 
linchpin is a misguided emphasis on 
technical procedures. For example, in 
caring for the aged, demented, chroni- 


cally ill, disabled, and institutionalized, 
among others, perhaps a more limited, 
individualized framework, grounded on 
socially relevant models of treatment, 
would be equally appropriate (as mea- 
sured by care outcomes), and yet more 
humanistic (inclusive of the qualities of 
integrity, respect, and compassion).” In 
my view, it is in the service of the high- 
est ideals and traditions of our specialty 
and our profession that we endorse a set 
of balanced PGs that will facilitate our 
efforts to recapture our relinquished au- 
tonomy.” 
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“We must make sure that policies are based on facts, not fears.” 


Dr. Paul Volberding, Researcher, University of California, San Francisco, Member, American Medical Association 


Amid the rancor of politics and budget debates, 
the needs of the patient are often overlooked. And, it 
is forgotten that it is physicians who know the most 
about disease and the suffering of patients. 

Nowhere is this more true than with AIDS. 

“Throughout the history of epidemics, there has 
been the possibility of reactions and policy based on 
fear and stigma,” states Dr. Volberding. 

The American Medical Association (AMA) 
agrees. The AMA is committed to fair AIDS policies, 
and to supporting researchers battling not just AIDS, 
but the countless diseases that ravage our society. 


“What impresses me most about the AMA is its 
willingness to take public policy positions and its abil- 
ity to influence opinion,” Dr. Volberding adds. 

The AMA supports his work and is proud that he 
is an AMA member. If you want to join him, call 
1-800-AMA-3211 today. 


American Medical Association 


Physicians dedicated to the health of America 
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Professional Opportunities 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 





SOUTHERN CALIFORNIA 


Outstanding opportunity for motivated BC/BE 
neurologist with clinical and electrodiagnostic 
proficiency. Join a solo neurologist in an 
established and respected office and hospital- 
based practice. Balanced private/PPO/HMO 
profile. Excellent growth prospects. 


New office with fully equipped eletrodiag- 
nostic laboratory located in North Orange 
County. Area offers attractive living condi- 
tions, recreational opportunities and excellent 
public schools. 


Generous guaranteed salary and benefit pack- 
age with opportunity for early partnership. 


Box 821, c/o AON 





INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
Spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is 
necessary. Sub-specialty training is desirable, but 
not necessary. Indianapolis is a desirable, growing, 
clean and safe community. Excellent salary plus 
bonus and benefits leading to stock holder oppor- 
tunity. Send CV to: Midwest Neurological Institute, 
998 East Main Street, #202, Danville, IN 46122. 


EPILEPTOLOGIST: The Colorado Neurological 
Institute (CNI) is recruiting a clinical epileptologist. 
Candidates should have: 1) Two year fellowship, or 
experience, in epilepsy; 2) Board certification by 
ABPN (or in process); 3) Board certification by 
ABCN (or in process); 4) Willingness to develop 
clinical or basic research. This is an outstanding 
opportunity to participate in tertiary care within the 
realm of a not-for-profit institute. CNI is located near 
the beautiful Rocky Mountains in Denver, Colorado. 
Salary and benefit package is competitive. Please 
send CV or contact: Ronald E. Kramer, MD, Medical 
Director, Rocky Mountain Epilepsy Center, CNI, 701 
East Hampden Avenue, Englewood, CO 80110. 
FAX: (303) 788-4633. 


GEORGIA — Board-certified/board-eligible neurol- 
ogist to join group of one neurologist and two neuro- 
surgeons. City of 150,000 plus with 500,000 plus 
drawing area. Excellent community to raise a family. 
All diagnostics available. Atlanta, one hour away. 
Early partnership with competitive salary and bene- 
fits. Please reply with CV to: Box #836, c/o AON. 
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Professional Opportunities l 


PROFESSIONAL NOTICE — We are seeking an 
individual to join four busy neurologists in a mixed 
academic/private practice. Enjoy the atmosphere of 
a university faculty appointment with the benefits of 
private practice. The practice is based in a 450-bed 
teaching hospital with full neurodiagnostic 
capabilities. The candidate should be BC/BE. 
Subspecialty training and ability to perform 
NCS/EMG desirable. Located in a large Great 
Lakes city with superb cultural and recreational 
facilities. This is an outstanding opportunity for a 
clinical neurologist with an interest in teaching. 
Please reply to: Box #834, c/o AON. 


NEUROLOGIST WITH EEG, EMG and evoked 
potential experience for busy neurology office. Full- 
time position. Heavy Spanish, oriental (Japanese, 
Chinese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 














| 
HAVEN FOR outdoor enthusiasts — Beautiful aa 
Escanaba, Michigan is seeking a neurologist to 4) 
establish a busy practice in a 50,000 population m 


service area, currently without a neurologist. A 
confident generalist will be immediately productive 
with established patient base and practice support 
from Saint Francis Hospital. Resort community «| 
offers unspoiled natural beauty, Hiawatha National ` 
Forest, Little Bays de Noc and harbor, abundant 
summer and winter sports, boating, legendary 
fishing, hiking, skiing and snowmobiling. Healthy 
lifestyle; good schools; friendly community. Contact: 
Dawn Hamman, Saint Francis, Inc., 4541 North 
Prospect, Suite 400, Peoria, IL 61614. (800) 232- 
3129. 


MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. 
Contact: William Gfeller, 450 Hookahi Street, 
Wailuku, Maui, HI 96793. (808) 244-5541. 








VIRGINIA — BC/BE neurologist to join growing multi- 
subspecialty neurology practice in southeast 
Virginia/Coastal North Carolina area, including 
South Hampton Roads (Norfolk metropolitan) 
region. Competitive salary leading to partnership. 
Send CV to: Robert B. Hansen, MD, Southeastern 
Neurology Group, PC, 311 County Street, Suite 
201, Portsmouth, VA 23704. 







NORTH CAROLINA-Outstanding opportunity for BC/BE 
neurologist to practice in lovely progressive southern city 
tucked between mountains and beaches. Experience 
financial security in growing family oriented community 
close to Charlotte. Enjoy numerous recreational amenities, 
and good neighborhood schools. Service area of 200,000 
served by fully accredited community hospital. Profess- 
ionally stimulating environment offering the latest in medical 
technology and knowledgeable colleagues in multiple 
specialties. Send letter and CV to: Box 835, c/o AON. 











NEUROLOGIST — BC/BE to join exceedingly busy 
and rapidly expanding neurology group in Phila- 
delphia, Pennsylvania. Excellent opportunity for 
highly motivated neurologist to work in subspecialty 
of neuromuscular disease, epilepsy, rehabilitation, 
and occupational neurology. Training and expe- j 
rience in EMG, EEG and EPs preferred. Academic y 
affiliation within teaching and community hospitals. i 
Large, modern office, fully equipped for electro- F 





diagnostic testing. Excellent salary and benefit i 
package leading to partnership. Send CV to: L. | 


Carita, Practice Administrator, 125 South 9th Street, 
Philadelphia, PA 19107. 


ee ee 
PLEASE NOTE - Address replies to box number 
ads as follows: Box number , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








Professional Opportunities 


STROKE NEUROLOGIST: Well known, well 
established neurosurgical and neurological group 
practice in western Massachusetts seeks BC/BE 
neurologist with special training in stroke to join 
busy practice and to help establish a stroke unit at 
the Baystate Medical Center, a 900-bed teaching 
hospital and the western campus of Tufts Medical 
School. Clinical research available. Send CV to: 
Michael R. Sorrell, MD, 80 Congress Street, 
Springfield, MA 01104. 








































VERY BUSY SOLO practice neurologist in 
northeast Ohio looking for an aggressive partner. 
$100,000 first year, partnership in two years. No 
buy in. Send CV to: Box #824, c/o AON. 





FLORIDA: If you are a BC/BE neurologist interested 
in associating with a solo neurologist in a beautiful 
east central coastal Florida city, please send your 
CV to: John LoZito, MD, 1400 Pine Street, 
Melbourne, FL 32901. 


CAROLINA — PIEDMONT: BC/BE adult neurolo- 
gist to join two neurologists in busy clinical practice. 
All neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 








CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists all of whom are 
subspecialized, seeks to add another well-trained 
neurologist. Contact: Fred Pfeiffer, MD, 1900 
Randolph Road, Suite 1010, Charlotte, NC 28207. 
Or call: (704) 334-7311. 





NEUROLOGIST — Virginia coastal area. To join five 
neurologists private practice-hospital based. 
Practice includes: clinical neurology, interpretation 
of CT and MRI scans, EED and evoked responses, 
EMG, NIV cerebrovascular and TCD and scetor 
scanning neuropathology including muscle histology 
and EMG teaching house staff. Reply with CV to: 
Box #838, c/o AON. 


Expert Advice on 
Practice Oppo 


1-800-765-3055 

Cejka & Company 

TA, 222 S.Central Ave. 
Suite 700 

AV’ st. Louis, uo 

63105 


LISA SPIELBERG 
Will assist you with: 


e Practice Opportunities 
e Defining Your Practice 
Needs 
* Marketing Your Skills 
e Interviewing Tips 
e Salary Trends 




































Professional Opportunities 


WISCONSIN — Top-notch neurologists seek fifth 
partner. Join talented, congenial colleagues who 
practice quality medicine in a teritary referral center 
for neurosciences. Opportunity for research and 
sub-specialization. Competitive guarantee, 
exceptional benefits. University, diverse recreational 
and cultural opportunities. Call or send CV to: Jane 
Vogt, c/o Cejka & Company, 222 South Central, 
Suite 700, St. Louis, MO 63105. (800) 765-3055. 


—OHI O— 


Very successful neurology group is 
seeking their third neurologist. Office 
conveniently located on the campus of a 
modern hospital located in a rapidly 
expanding suburb. This progressive city 
with its medical school and state 


university is an ideal place to satisfy both 
personal and professional needs. To learn 
more about this attractive opportunity we 
encourage you to call Barbara Lakoski at 
1-800-243-4353 or send your CV to: 


STRELCHECK & ASSOCIATES, INC. 
12724 N. Maplecrest Lane 
Mequon, WI 53092 





NEUROLOGIST - BC/BE wanted to join newly 
established practice. Busy office, hospital con- 
sultation and EMG/EEG/EP laboratory. All 
diagnostic facilities available. Southern university 
city. More than competitive first year salary and 
bonus with potential partnership in one year. Send 
CV: Box #830, c/o AON. 


NEUROLOGIST: Urban area in North Carolina. 
BC/BE to join solo neurologist in a rapidly 
expanding, progressive and active practice. All 
neurodiagnostic modalities available. Excellent 
salary leading to partnership. Experience in EMG, 
EEG and EPs. Please reply with CV to: Box #822, 
c/o AON. 








Residencies 


ee Se a 
THE UNIVERSITY OF Cincinnati Neurology 
Department is offering a second year neurology 
residency position (PGYIII) beginning as soon as 
possible. For information contact: Joseph P. 
Broderick, MD, Residency Director, Department of 
Neurology, University of Cincinnati Medical Center, 
Cincinnati, OH 45267-0525. (513) 558-5431. 


= Professional Opportunities 





KANSAS -— Board-certified, board-eligible 
neurologist to join child neurologist in rebuilding a 
three-person practice in the largest city in Kansas. 
Three large, well-equipped hospitals available for 
resident and undergraduate medical education. 
Located in clean, progressive community described 
as the franchise capital of the country. Competitive 
salary and benefits available. Send CV to: Richard 
C. Gilmartin, MD, 2620 East Central, Wichita, KS 
67214. 











Stroke Neurologist 


The Ochsner Clinic in New Orleans is 
seeking a BE/BC neurologist with fellow- 
ship training in cerebral vascular disease. 
The candidate should have strong clinical 
skills in managing patients with cerebral 
vascular disease. An interest in clinical 
research is important. The department is 
a participant in the asymptomatic carotid 
artery stenosis clinical trial. 


The Oschner Clinic is a large (250 MDs) 
multi-specialty clinic with an adjoining 
550-bed hospital. The neurology service is 
affiliated with the Tulane University 
Neurology Department and our staff have 
clinical appointments at Tulane University. 
The neurology service has teaching respon- 
sibilities at the Ochsner Foundation 
Hospital for Tulane Neurology residents, 
Ochsner Medicine residents, Louisiana 
State University Rehabilitation residents, 
Ochsner interns, and Tulane medical 
students. 


At Ochsner there are also opportunities for 
individual and cooperative clinical research. 


Interested physicians should send a 
complete CV to: 





Dr. Richard Strub 
Chairman, Department of Neurology 
Ochsner Medical Institutions 


1514 Jefferson Highway 
New Orleans, Louisiana 70121 


For more details, please call: (504) 838-3980 











THE DEPARTMENT OF NEUROLOGY, Eastern 
Virginia Medical School announces the availability 
of six residency training positions beginning July 
1992. Positions are available at the PGYII, lil, and 
IV levels (2 each). This is a new program in a young 
and growing department. We are committed to 
developing a strong training program in clinical 
neurology and we are seeking residents with strong 


backgrounds and a sense of adventure. For further 


information contact: Thomas R. Pellegrino, MD, 
Professor and Chairman, Department of Neurology, 
825 Fairfax Avenue, Norfolk, VA 23507. 







For 
classified information 


and scheduling 
please call 
Regis Taylor 


(800) 237-9851 
(813) 443-7666 









Faculty Positions 





BOARD-CERTIFIED neurologist wanted to join 
rapidly expanding neurology group in Philadelphia, 
Pennsylvania, offering broad patient base to include 
neuromuscular disease, epilepsy, rehabilitation, and 
occupational neurology. Excellent opportunity for 
academic candidate at associate professor level to 
enter private practice and maintain academic 
affiliation within teaching environment and in com- 
munity hospitals. Large, modern facilities equipped 
for electrodiagnostic testing. Excellent salary and 
benefit package leading to partnership. Send CV to: 
L. Carita, Practice Administrator, 125 South 9th 
Street, Suite 200, Philadelphia, PA 19107. 


THE DEPARTMENT OF NEUROLOGY at George- 
town University is seeking applicants for a faculty 
position in cerebrovascular disease at the 
assistance to associate professor level. Applicants 
must be neurology board-certified/-eligible and have 
completed a recognized fellowship in cerebro- 
vascular diseases. Interested applicants should 
send their curriculum vitae to: Jonathan H. Pincus, 
MD, Professor and Chairman, Department of 
Neurology, Georgetown University School of Medi- 
cine, 3800 Reservoir Road, NW, Washington, DC 
20007-2197. The Georgetown University School of 
Medicine is EEO/AA employer. Women and minori- 
ties are urged to apply. The review of applications 
will begin in January 1992 and will continue until the 
position is filled. 
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Faculty Positions 





Fellowships 





ASSISTANT/ 
ASSOCIATE 
PROFESSOR 


Temple University School of Medicine, 
Department of Otorhinolaryngology and 
Bronchoesophagology, is seeking an 
Assistant/Associate Professor level full- 
time faculty member to join its Section 
of Audiology and Auditory Research to 
perform clinical electrodiagnostic ser- 
vices and to participate in clinical and 
basic science research projects. Ph.D. 
level candidates with background in 
electrophysiology and neurodiagnos- 
tics, especially intraoperative neuro- 
physiological monitoring are encour- 
aged to apply. Competitive salary and 
benefits. Please direct inquiries and CV 
to: Max L. Ronis, M.D., Professor 
and Chairman, Otorhinolaryngology 
and Bronchoesophagology, 
TEMPLE UNIVERSITY SCHOOL 
OF MEDICINE, 3440 N. Broad St., 
Philadelphia, PA 19140. For infor- 
mation, call: William Martin, Ph.D., 
Director of Audiology 
and Auditory 
4 i Research, at (215) 
221-3661. Temple 
University is an equal 
opportunity /affirmative 
action employer. 








GERIATRIC NEUROLOGY FELLOWSHIP. A two- 
year fellowship is available in geriatric neurology, 
beginning July 1, 1992 or 1993. This VA-supported 
fellowship provides multi-disciplinary training in 
geriatric neurology with formal rotation on the 17-bed 
geriatric evaluation and management unit at the 
Portland Veterans Affairs Medical Center. Fellows 
will also participate in the clinical and research 
activities of the Alzheimer's Disease Center of 
Oregon and The Oregon Brain Aging Study at both 
the VA Medical Center and Oregon Health Sciences 
University. Emphasis will be placed on the design 
and implementation of independent research 
protocols. A broad range of research opportunities 
are available and include such topics as quantitative 
image analysis, the neuropharmacology of 
movement disorders, cerebrovasuclar disease in the 
elderly and the neurology, neuropsychology and 
neuropathology of the very old. Applicants must be 
board-eligible or -certified in neurology. To apply, 
send CV and two letters of recommendation to: 
Jeffrey Kaye, MD, Director, Geriatric Neurology, 
Portland VA Medical Center, P.O. Box 1034, 
Portland, OR 97207. Telephone: (503) 494-6976 or 
(503) 273-5172. The Department of Veterans Affairs 
and The Oregon Health Sciences University are 
equal opportunity employers. 


STANFORD STROKE FELLOWSHIP: A fellowship 
in cerebrovascular disease is available at the 
Stanford Stroke Center. Comprehensive clinical 
training in all aspects of diagnosis and management 
of patients with stroke is available. The fellow will 
Participate in ongoing research protocals for acute 
Stroke treatment as well as stroke diagnosis and 
prevention. Opportunities for basic research are 
also available if desired. Candidates should be 
board-eligible or -certified in neurology. Please send 
inquiries to: Gregory W. Albers, MD, Director, 
Stanford Stroke Center, Department of Neurology 
and Neurological Sciences, Stanford University 
Medical Center, Stanford, CA 94305. Stanford 
University is an affirmative action, equal opportunity 
employer. 
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DIRECTOR OF HEAD 
INJURY PROGRAM 


Excellent professional opportunity for a Board certified neurologist to lead an expanding 
CAFF accredited comprehensive Head Injury Program. The program currently includes a 
38-bed inpatient unit and an array of ambulatory care programs. 


Kessler Institute for Rehabilitation, Inc. is a private, not-for-profit comprehensive organiza- 
tion, with licensed capacity of 230 inpatient beds in three main facilities and multiple 
Outpatient treatment satellites. 


Northern New Jersey offers many cultural and recreational opportunities with convenient 
access to metropolitan New York City. Excellent salary and benefits, commensurate with 
experience. Academic appointment available at the UMDNJ/New Jersey Medical School. 
Significant time and resource availability for clinical research. Please direct inquiries and 
Curriculum vitae to: 


Joel A. DeLisa, M.D., Medical Director, Kessler Institute for Rehabilitation, Inc. 
Professor and Chairman, Department of Rehabilitation Medicine 
UMDNJ/New Jersey Medical School, 1199 Pleasant Valley Way 

West Orange, New Jersey 07062 


KESSLER 


INSTITUTE FOR REHABILITATION, INC. 
Equal Opportunity Employer M/F 





THE DEPARTMENT OF NEUROLOGY at 
Creighton University has openings for BC/BE 
candidates as Director of the EMG Laboratory and 
Director of the Stroke Unit. Academic appointment, 
salary and support based on experience and 
academic record. Submit CV and three references 
to: John M. Bertoni, MD, PhD, Professor and 
Chairman of Neurology, Creighton University, 601 
North 30th Street, Suite 2342, Omaha, NE 68131. 
(402) 280-4686. Creighton is an equal 
opportunity/affirmative action employer. 























neurology practice, Southern California. Superb 
financial package. Would consider six months 
locum tenens to determine suitability. Reply with 
curriculum vitae to: Box #833, c/o AON. 












Kentucky for sale. Above average income. Beautiful 
location, one hour drive near major cities. Reply to: 
Box #829, c/o AON. 
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Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
dhenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
hen, in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
3f alternative antiepileptic medication arises, this should be done gradually. However, in the event of an 
illergic or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
‘ase, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 

There have been a number of reports Suggesting a relationship between phenytoin and the develop- 
nent of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
/mphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not deen 
‘stablished, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
rom other types of lymph node pathology. Lymph node involvement may occur with or without symp- 
oms and signs resembling serum sickness, eg, fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended Period is indicated and every 
#fort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
ierum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

xercised in using this medication in patients suffering from this disease. 
Isage in Pregnancy: A number of reports Suggests an association between the use of antiepileptic 
rugs by women with epilepsy and a higher incidence of birth defects in children born to these women. 
lata are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
ommonly prescribed antiepileptic drugs; less systematic or anecdotal reports Suggest a possible similar 
ssociation with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
annot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
\ethodological problems in obtaining adequate data on drug teratogenicity in humans; genetic factors 
r the epileptic condition itself may be more important than drug therapy in leading to birth defects. 
he great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
lat antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
‘event major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
ypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
re such that the removal of medication does not pose a serious threat to the patient, discontinuation 
f the drug may be considered prior to and during pregnancy, although it cannot be said with any 
onfidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
‘escribing physician will wish to weigh these considerations in treating or counseling epileptic women 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
1d heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
ive more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
‘iency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
irbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
sociated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
ceived phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs ina high proportion of patients, because 

altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 

rticularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
justment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
others receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
is defect and has been recommended to be given to the mother before delivery and to the neonate 
ter birth. 

\ECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 

(paired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 

2 drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 

pears to be genetically determined. 

?henytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 

continuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 

‘nson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 

Jalternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 

easles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 

he rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated 
>henytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
dersensitivity. Additionally, caution should be exercised if using structurally similar compounds 

, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 

typerglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. 

2nytoin may also raise the serum glucose level in diabetic patients. 

)steomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 

ference with Vitamin D metabolism. 

‘henytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 

gnostic procedures should be performed as indicated. 

‘henytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 

tit mal) seizures are present, combined drug therapy is needed. 

‘erum levels of phenytoin sustained above the optimal range may produce confusional states referred 

s ‘delirium,’ “psychosis; or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, 

e first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 

idicated if plasma levels are excessive: if symptoms persist, termination is recommended. (See 

wings.) 

imation for Patients: Patients taking phenytoin should be advised of the importance of adhering 

Ctly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 

ch it is not possible to take the drug orally as prescribed, eg, Surgery, etc. 

‘atients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 

physician's advice. 

'atients should be instructed to call their physician if skin rash develops. 

he importance of good dental hygiene should be stressed in order to minimize the development 

lingival hyperplasia and its complications. 

not use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, H»-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
Containing calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin May cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for cexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamyl 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic 
epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and Circulatory depression 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 meg/mL, ataxia at 30 meg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 

as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
Supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 
in mind 
Caution—Federal law prohibits dispensing without prescription. 03626280 
© 1989 Warner-Lambert Co. Revised October 1989 
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= neurologists go by | 
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Neurologists write “Dilantin” more often than any other name in anti- m= 


- 


convulsant therapy'—and for good reasons: 
= Unsurpassed control of generalized and partial seizures ** 
m Convenient once-daily dosing for many patients* 
m Significantly lower cost than carbamazepine or valproic acid’ 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


For adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
t Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91.' 


Please see next page for a brief summary of full prescribing information 
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Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 
For control, compliance, and cost 
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For many patients with Parkinson's disease 
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Dose given Dose given 


Smoother plasma levodopa levels 


The causes of motor fluctuations are not completely 
understood; in some patients they may be 
attenuated by treatment regimens that produce 
steady plasma levels of levodopa. 


levels over the same 
period after two doses of 
SINEMET 25-100. 


2PM 3PM 4PM 


Reduced dosing frequency? 


In a separate multicenter, double-blind trial of 
202 patients with advanced Parkinson’s disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





* Patients should be advised that sometimes the onset of effect of the first morn- 
ing dose of SINEMET CR may be delayed for up to 1 hour compared with the 
response usually obtained from the first morning dose of SINEMET. The physi- 
cian should be notified if such delayed responses pose a problem in treatment. 


Before prescribing SINEMET CR, please see a Brief Summary of Prescrib- 
ing Information on the following pages. 


® SINEMET is a registered trademark of Merck & Co., Inc., Rahway, NJ, USA 
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SINEMET CR is indicated in the treatment of the symptoms of idiopathic 
Parkinson's disease (paralysis agitans), postencephalitic parkinsonism, 
and symptomatic parkinsonism which may follow injury to the nervous 
system by carbon monoxide intoxication and manganese intoxication. 

1. Goetz CG, Tanner CM, Shannon KM, et al: Controlled-release carbidopa/levodopa 
(CR4-Sinemet) in Parkinson's disease patients with and without motor fluctuations. 
Neurology. 1988;38:1143-1146 

2. Hutton JT, Morris JL, Bush DF, et al: Multicenter controlled study of Sinemet CRvs 
Sinemet (25/100) in advanced Parkinson's disease. Neurology. 1989;39 (suppl 2): 
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a Significantly greater benefits as rated by patients 
previously treated with SINEMET® (Carbidopa-Levodopa)*2 


= Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
global ratings of improvement as assessed by both 
patient and physician were better during therapy 
with SINEMET CR than with SINEMET. 
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a Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuations 
as rated by physicians**2 


= In controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while on 
SINEMET were randomized to therapy with either 
SINEMET or SINEMET CR: Adverse experience 
profile of SINEMET CR did not differ substantially 
from that of SINEMET. 
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tlin clinical trials of patients with moderate to severe motor fluctuations, global 
ratings of improvement as assessed by both paroni and physician were better 
during therapy with SINEMET CR than with SINEMET. 

+Ratings based on patients’ subjective assessment of global improvement 
in clinical fluctuations. 

** Physician ratings based on significantly greater overall improvement in 

patient’s clinical condition after eight weeks on SINEMET CR (compared to 
status at beginning of double-blind phase of same trials). 


When patients are receiving levodopa without a decarboxylase inhibitor, 
levodopa must be discontinued at least eight hours before SINEMET CR 
is started. It is necessary to individualize therapy. SINEMET CR should 


be substituted at a dosage that will provide approximately 25% of the 
previous lev . Nonselective MAO inhibitors are contraindi- 
cated for use with SINEMET CR. These inhibitors must be discontinued 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer's recommended dose of an MAO inhibitor with selectivity for 
MAO type B, (e.g., selegiline HCI). SINEMET CR is contraindicated in 
patients with known hypersensitivity to any component of this drug and 
in patients with narrow-angle glaucoma. Because may activate 
a malignant melanoma, SINEMET CR should not be used in patients 
with suspicious, undiagnosed skin lesions or a history of melanoma. 








Guidelines for Initial Conversion from 
SINEMET” to SINEMET CR 


(Carbidopa-Levodopa) 


= Dosage with SINEMET CR should be substituted 
at an amount that provides approximately 10% 
more levodopa per day. This may be increased to 
a dosage that provides up to 30% more levodopa 
per day depending on clinical response. 
(See DOSAGE AND ADMINISTRATION, Titration.)* 

a Interval between doses of SINEMET CR should 
be 4-8 hours during the waking day. 

= Doses and dosing intervals may be increased 
or decreased depending upon therapeutic 
response. 









= 


A total of 4 tabs in 3 or more divided doses 
(e.g., 12 tab a.m., 1V2 tab early p.m., and 1 tab later p.m.) 






A total of 5 tabs in 3 or more divided doses 
(e.g., 2tabs a.m., 2 tabs early p.m., and 1 tab later p.m.) 


900-1000 


The above is only provided as an example of conversion. Dosage must be 

individualized and will vaty from patient to patient. This example chart 

reflects dosing of SINEMET CR to provide an increase of approximately 

10% more levodopa. 

*The bioavailability of levodopa from SINEMET CR relative to SINEMET is 
approximately 70%-75%. 

+For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, 
Initial Dosage—Patients currently treated with conventional ic - 
Sopa preparations of enclosed Brief Summary of Prescribing 

nformation. 





SINEMET” CR cnoe 


SUSTAINED-RELEASE TABLETS 


CONTRAINDICATIONS Nonselective MAO inhibitors are 
contraindicated for use with SINEMET” CR. These inhibitors 
must be discontinued at least two weeks prior to initiating 
therapy with SINEMET CR. SINEMET CR may be administered 
concomitantly with the manufacturer's recommended dose 
of an MAO inhibitor with selectivity for MAO type B (eg., 
selegiline HCI). 

SINEMET CR is contraindicated in patients with known 
hypersensitivity to any component of this drug and in patients 
with narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, 
SINEMET CRshouldnotbeusedin patients with suspicious, 
undiagnosed skin lesions or a history of melanoma. 
WARNINGS When patients are receiving levodopa without 
adecarboxylase inhibitor, levodopa must be discontinued at 
least eight hours before SINEMET CR is started. In order to 
reduce adverse reactions, it is necessary to individualize 
therapy. SINEMET CRshould be substituted ata dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage (see DOSAGE AND ADMINISTRATION). 

Carbidopa does not decrease adverse reactions due to cen- 
tral effects of levodopa. By permitting more levodopa to reach 
the brain, particularly when nausea and vomiting is not a dose- 
limiting factor, certain adverse CNS effects, e.g., dyskinesias, 
will occur at lower dosages and sooner during therapy with 
SINEMET CR (Carbidopa-Levodopa, Sustained-Release) than 
with levodopa alone. 

As with levodopa, SINEMET CR may cause involuntary 
movements and mental disturbances. These reactions are 
thought to be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be observed care- 
fully for the development of depression with concomitant 
suicidal tendencies. Patients with past or current psychoses 
should be treated with caution. The occurrence of dyskinesias 
May require dosage reduction. 

Patients receiving SINEMET CR may develop increased dys- 
kinesia compared to SINEMET (Carbidopa-Levodopa). 

SINEMET CRshould be administered cautiously to patients 
with severe cardiovascular or pulmonary disease, bronchial 
asthma, renal, hepatic or endocrine disease. 

As with levodopa, care should be exercised in administer- 
ing SINEMET CR to patients with a history of myocardial in- 
farction who have residual atrial, nodal, or ventricular 
arrhythmias. In such patients, cardiac function should be moni- 
tored with particular care during the period of initial dosage 
adjustment, in a facility with provisions for intensive cardiac 
care. 

Aswith levodopa, treatmentwith SINEMET CR may increase 
the possibility of upper gastrointestinal hemorrhage in patients 
with a history of peptic ulcer. 

A symptom complex resembling the neuroleptic malignant 
syndrome including muscular rigidity, elevated body temper- 
ature, mental changes, and increased serum creatine phos- 
phokinase has been reported when antiparkinsonian agents 
were withdrawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET CRis reduced 
abruptly or discontinued, especially if the patient is receiving 
neuroleptics. 

PRECAUTIONS General As with levodopa, periodic evalua- 
tions of hepatic, hematopoietic, cardiovascular, and renal func- 
tion are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET CR provided the intraocular pres- 
sure is well controlled anc the patient is monitored carefully 
for changes in intraocular pressure during therapy. 
Information for Patients The patient should be informed that 
SINEMET CRisa sustained-release formulation of carbidopa- 
levodopa which releases these ingredients over a 4 to 6 hour 
period. Itis important that SINEMET CR be taken at regular 
intervals according to the schedule outlined by the physician. 
The patient should be cautioned not to change the prescribed 
dosage regimen and not to add any additional antiparkinson 
without first consulting the physician. 

If abnormal involuntary movements appear or get worse dur- 
ing treatment with SINEMET CR, the physician should be noti- 
fied, as dosage adjustment may be necessary. 

Patients should be advised that sometimes the onset of ef- 
fectofthe first morning dose of SINEMET CRmay be delayed 
for up to 1 hour compared with the response usually obtained 
from the first morning dose of SINEMET (Carbidopa-Levodopa). 


The physician should be notified if such delayed responses Headache 


pose a problem in treatment. 

Patients must be advised that the whole or half tablet should 
be swallowed without chewing or crushing. 
NOTE: The suggested acvice to patients being treated with 
SINEMET CR is intended to aid in the safe and effective use 


of this medication. Itis not a disclosure of all possible adverse =“ 


or intended effects. 

Laboratory Tests Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline phos- 
phatase, SGOT (AST), SGPT (ALT), lactic dehydrogenase, and 
bilirubin. Abnormalities in blood urea nitrogen and positive 
Coombs test have also been reported. Commonly, levels of 
blood urea nitrogen, creatinine, and uric acid are lower dur- 


ing administration of carbidopa-levodopa preparations than 
with levodopa. 

Carbidopa-levodopa preparations may cause a false-positive 
reaction for urinary ketone bodies when atest tape is used for 
determination of ketonuria. This reaction will not be altered by 
boiling the urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glucosuria. 
Drug Interactions Caution should be exercised when the 
following drugs are administered concomitantly with 
SINEMET CR (Carbidopa-Levodopa, Susiained-Release). 

Symptomatic postural hypotension has occurred when 
carbidopa-levodopa preparations were added to the treatment 
of patients receiving some antihypertensive drugs. Therefore, 
when therapy with SINEMET CRis started, dosage adjustment 
of the antihypertensive drug may be required. For patients 
receiving monoamine oxidase inhibitors, see CONTRA: 
INDICATIONS. 

There have been rare reports of adverse reactions, includ- 
ing hypertension and dyskinesia, resulting from the concomi- 
tantuse of tricyclic antidepressants and carbidopa-levodopa 
preparations, 

Phenothiazines and butyrophenones may reduce the ther- 

apeutic effects of levodopa. In addition, the beneficial effects 
of levodopa in Parkinson's disease have been reported to be 
reversed by phenytoin and papaverine, Patients taking these 
drugs with SINEMET CR should be carefully observed for loss 
of therapeutic response. 
Carcinogenesis, Mutagenesis, Impairment of Fertlll- 
ty Inatwo-year bioassay of SINEMET (Carbidopa-Levodopa), 
no evidence of carcinogenicity was found in rats receiving 
doses of approximately two times the maximum daily human 
dose of carbidopa and four times the maximum daily human 
dose of levodopa (equivalent to 8 SINEMET CR tablets). 

In reproduction studies with SINEMET (Carbidopa- 
Levodopa), no effects on fertility were found in rats receiving 
doses of approximately two times the maximum daily human 
dose of carbidopa and four times the maximum daily human 
dose of levodopa (equivalent to 8 SINEMET CR tablets). 
Pregnancy Pregnancy Category C. No teratogenic effects were 
observedinastudy in mice receiving up to 20 times the maxi- 


mum recommended human dose of SINEMET (Carbidopa- > 


Levodopa). There was a decrease in the number of live pups 
delivered by rats receiving approximately two times the maxi- 
mum recommended human dose of carbidopa and approxi- 
mately five times the maximum recommended human dose 
of levodopa during organogenesis. SINEMET (Carbidopa- 
Levodopa) caused both visceral and skeletal malformations 
in rabbits at all doses and ratios of carbidopa/levodopa test- 
ed, which ranged from 10 times/5 times the maximum recom- 
mended human dose of carbidopa/levodopa to 20 times/0 
times the maximum recommended human dose of carbido- 
pallevodopa. 

There are no adequate or well-controlled studies in pregnant 
women. Use of SINEMET CRin women of childbearing poten- 
tial requires that the anticipated benefits ofthe drug be weighed 
against possible hazards to mother and child. 

Nursing Mothers Itis not known whether this drugis excreted 
in human milk. Because many drugs are excreted in human 
milk, caution should be exercised when SINEMET CR is ad- 
ministered to a nursing mother. 

Pediatric Use Safety and effectiveness in infants and children: 
havenotbeen established, and use of the drug in patients be- 
low the age of 18 is not recommended. 

ADVERSE REACTIONS In controlled clinical trials, patients 
predominantly with moderate to severe motor fluctuations while 
on SINEMET (Carbidopa-Levodopa) were randomized to ther- 
apy with either SINEMET (Carbidopa-Levodopa) or 
SINEMET CR. The adverse experience frequency profile of 
SINEMET CRdid notdiffer substantially from that of SINEMET 
(Carbidopa-Levodopa), as shown in Table 1. 


Table 1 Clinical Adverse Experiences Occurring in 1% or 
Greater of Patients 


SINEMETCR SINEMET 
(Carbidopa-Levodopa) 
n=491 n=524 

Adverse Experience % % 
Dyskinesia 16.5 122 
Nausea 55 57 
Hallucinations 39 3.2 
Confusion 37 23 
Dizziness 29 23 
Depression 22 13 
Urinary Tract Infection 2.2 23 

20 19 
Dream Abnormalities 18 08 
Dystonia 18 08 
Vomiting 18 19 y 
Upper Respiratory infection 18 1.0 

16 04 
‘On-Off Phenomena 1.6 141 
Back Pain 1.6 0.6 
Dry Mouth 14 11 
Anorexia 12 11 
Diarrhea 12 06 
Insomnia 12 1.0 
Orthostatic Hypotension 1.0 11 
Shoulder Pain 10 0.6 





(Carbidopa-Levodopa) 
n=491 n=524 
Adverse Experience % % 
Chest Pain 10 08 
Muscle Cramps 08 1.0 
08 1 
Urinary Frequency 08 1 
Dyspepsia 0.6 11 
Constipation 02 15 


The adverse experiences observed in patients in uncontrolled 

studies were similar to those seen in controlled clinical studies. 

Other adverse experiences reported overall in clinical trials in 
 48patients treated with SINEMET CR, listed by body system 

in order of decreasing frequency, include: 

ety disorder, disorientation, decreased mental acuity, gaitab- 

normalities, extrapyramidal disorder, agitation, nervousness, 

sleep disorders, memory impairment. 

Bodyasa Whole: Asthenia, fatigue, abdominal pain, orthostatic 


Respiratory: Cough, pharyngeal pain, common cold. 
Urogenital: Urinary incontinence. 
Musculoskeletal: Leg pain. 

Laboratory Tests: Decreased white blood cell countand serum 
potassium; increased BUN, serum creatinine and serum LDH; 
Protein and glucose in the urine, 

Other adverse experiences have been reported with various 
carbidopa-levodopa formulations and may occur with 
SINEMET CR: 


syndrome. 
PNE: Deus 


Metabolic: Weight gain, edema. 
Integumentary: Malignant melanoma (see also CONTRAIN- 
oe flushing, increased sweating, dark sweat, loss 
of hair. 
Genitourinary: Urinary retention, urinary incontinence, dark 
urine, priapism. 
Miscellaneous: Faintness, hoarseness, malaise, hot flashes, 
Sense of stimulation, bizarre breathing patterns, neuroleptic 
aoe 
OVERDOSAGE Management of acute overdosage with 
SINEMET CRis the same as with levodopa. Pyridoxine isnot 
effective in reversing the actions of SINEMET CR. 

General supportive measures should be employed, along 
with immediate gastric lavage. Intravenous fluids should be 
administered judiciously and an adequate intai 


DOSAGE AND ADMINISTRATION SINEMET CR tablets 
contain carbidopa (50 mg) and levodopa (200 mg)in a 1:4 ratio. 


The daily dosage of SINEMET CR must be determined by care- 
ful titration. Patients should be monitored closely during the 
dose adjustment period, particularly with regard to appear- 
ance or worsening of involuntary movements, dyskinesias or 
nausea. SINEMET CR maybe administered as whole oras half- 
tablets which should not be chewed or crushed. 

Standard drugs for Parkinson's disease, other than levodo- 
pa without a decarboxylase inhibitor, may be used concomi- 


Since carbidopa prevents the reversal of levodopa effects 
Caused by pyridoxine, SINEMET CR can be given to patients 
receiving supplemental pyridoxine (vitamin Bs). 

Initial Dosage Pati treated with convention- 
alcarbidopa-levodopa preparations: Dosage with SINEMET CR 
Should be substituted at an amount that provides approxi- 
mately 10% more levodopa per day, although this may need 
to be increased to a dosage that provides up to 30% more 
levodopa per day dependingon clinical response (see DOSAGE 
AND ADMINISTRATION, TITRATION). The interval between 


mended. 

When doses of SINEMET CR are given at intervals of less 
than 4 hours, and/or if the divided doses are not equal, itis 
recommended that the smaller doses be given at the end 
of the day. 

An interval of at least 3 days between dosage adjustments 
is recommended. 

Maintenance Because Parkinsor’s disease is progressive, 
Periodic clinical evaluations are recommended; adjustment 
of the dosage regimen of SINEMET CR may be required. 


- Addition of Other Antiparkinson Medications Anti- 


cholinergicagents, inea 


ease who need additional levodopa for a brief time during 
daytime hours. 

Interruption of Therapy Patients should be observed care- 
fully ifabruptreduction or discontinuation of SINEMET CRis 
required, especially if the patients receiving neuroleptics. (See 
WARNINGS). 

If general anesthesia is required, SINEMET CRmay becon- 
tinued as long as the patient is permitted to take oral medica- 
tion. If therapy is interrupted temporarily, the ususal dosage 
should be administered as soon as the patient is able to take 
oral medication. 

HOW SUPPLIED SINEMET CR 50-200 (Carbidopa- 
Levodopa) SUSTAINED-RELEASE TABLETS containing 50 mg 
of carbidopaand 200 mg of levodopa, are peach-colored, oval, 
scored, biconvex, compressed tablets, coded 521. They are 
supplied as follows: 

NDC 0056-0521-68 bottles of 100 

NDC 0056-0521-28 unit dose packages of 100. 

Storage Avoid temperatures above 30°C (86°F). Store in a 
tightly closed container. 

A.H.FS. Category: 92:00 Issued June 1991 Printed in U.S.A. 
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DIV OF MERCK & CO., INC., WEST POINT, PA 19486, USA 
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[DU PONT] DuPont Pharmaceuticals 
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TABLETS 
SINEMET” (carsioops.evooors 


When SINEMET Is to be given to patients who are be- 

ing treated with levodopa, levodopa must be discon- 

tinued at least 8 hours before therapy with SINEMET 

is started. In order to reduce adverse reactions, 
to individualize 


In some patients a somewhat smoother antiparkinsonian 
effect results from therapy with SINEMET than with 
Patients with markedly irregular (“on-off 


carbidopa permits control 
of parkinsonism and Parkinson's disease with much lower 
doses of levodopa, thereisno conclusive evidenceat present 
that this is beneficial other than in reducing nausea and vomit- 


€g., dyskinesias, may occurat low dosages and soon- 
er during therapy with SINEMET than with 
Certain patients who 


In considering whether to give SINEMET to patients already 
on levodopa who have nausea and/or vomiting, the practitioner 
Should be aware that, while many patients may be expected 
toimprove, some do not. Since one cannot predict which pa- 
tients are likely to improve, this can only be determined by a 
trial of therapy. It should be further noted that in controlled tri- 
als comparing SINEMET with levodopa, about half ofthe pa- 
tients with nausea and/or vomiting on levodopa i 
lnodooa cut he controled parion al mo gi oo Ol 

luring the coni . 
CONTRAINDICATIONS MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors must be 
gRcontinved at least 2 weeks prior to initiating ing therapy with 

SINEMET is contraindicated in patients with known hyper- 
sensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 
should not be used in patients with suspicious, undiagnosed 
skin lesions or a history of melanoma. 
WARN Levodopa must be discontinuedat least 8 hours 
yo mn ka SINEMET ree SAd 
ata dosage that will provide approximately 25 percent of the 
previous levodopa dosage. (See DOSAGE AND ADMINISTRA: 
TION section of Prescribing Information.) Patients taking 
SINEMET should be instructed not to take additional levodo- 
Pa levodopa, SINEMET involuntary 

may cause move- 
mentsand mental disturbances. These reactions may be due 
to increased brain dopamine following administration of levodo- 


use 
carbidopa permits more levodopa to reach the brain and, thus, 
more dopamine to be formed, dyskinesias may occur at lower 


may 
dosages and sooner with SINEMET than with levodopa. breathing 


— cal Lars sabi ketaerien nsi Ei unknown, 
levodopa and combinations of carbidopa and levodopa 
O SINEMET A ie eak e 
inwomen 

anticipated benefits of the drug be weighed against 
hazards to mother and child. SINEMET should not given 
to nursing mothers. 

Usage in Children: Safety of SINEMET in patients under 18 
PRECAUTIONS nna ievodopa evaluations of 

if periodic evaluati 

hepatic, etic, cardiovascular, and renal function are 
recommended during extended therapy. 
Patients with chronic wide-angle glaucoma may be treated 


+ Cautiously with SINEMET provided intraocular pressure is well 
car- controlled and patient is monitored carefully for changes in 
intoxication. pyr ih arn anand 


Tests: Abnormalities in laboratory tests may in- 
Sheen SOO oT aoe asalkalno phos 


nitrogen, creatinine, and uric 
a are lower during administration of SINEMET than with 


SINEMET may cause a false-positive reaction for urinary ke- 
tone bodies when a test tape is used for determination of 
ketonuria. This reaction will not be altered by boiling the urine 
specimen. False-negative tests may result with the use of 
glucose-oxidase methods of testing for glucosuria. 

Interactions: Caution should be exercised when the fol- 


iypererse ge Teco when Aaa ora 
rugs. fe, 

is started, dosage adjustment of the 

be required. For patients recelvi 


tue or to aap a On 
use lepressants f 

Phenothiazines and butyrophenones may . 
apeutic effectsof levodopa. In addition, the beneficial effects 
of levodopa in Parkinson's disease have been reported to be 
reversed by phenytoin and papaverine. Patients taking these 
drugs with SINEMET should be carefully observed for loss of 


‘occurring are F 


tendencies and dementia. Convulsions also have occurred: 
however, a causal relationshipwith SINEMET hasnotbeenes- 
A common but less serious effectis nausea. 
Less frequent adverse reactions are cardiac irregularities 
and/or palpitation, orthostatic hypotensive episodes, bi 


d/or p hypo radyki- 
improved netic episodes (the “on-off” phenomenon), anorexia, vomit- 


ing, and di: 
, Gi bleeding, development of duodenal ulcer, i 


are alkaline phosphatase, SGOT (AST), SGPT (ALT), lactic de- 
hydrogenase, bilirubin, blood urea nitrogen, protein-bound io- 
dine, and Coombs test. 

Other adverse reactions that have been reported with levodo- 
pa are: Nervous System: ataxia, numbness, increased hand 
thermal a 

may asan excess con- 

sideration of dosage reduction may be made at this time), tris- 

mus, activation of latent Horner's syndrome. Psychiatric: 
Sleepiness, insomnia, 


burning sensation of tongue. Metabolic: ht gain or loss, 
edema. /nfegumentary: malignant melanoma (see also 
CONTRAINDICATIONS), flushing, i ing, dark 
urinary incontinence, dark urine, priapism. jal Senses: 
diplopia, blurred vision, dilated pupils, ic crises. Mis- 
cellaneous: weakness, faintness, hoarse- 


Occurrence of dyskinesias may require dosage reduction. of overdosage with 
SINEMET should be administered cautiously to patients with SINEMET is basically the sameas management of acute over- 
Severe cardiovascular or pulmonary disease, bronchial asth- dosage with levodopa; however, pyridoxine is not effective in 
ma, renal, hepatic or endocrine disease. reversing the actions of SINEMET — 

mark ara in administering SRIEMET as wa ldap, HOW SUPPLIED tt NEMET 10-100 SINEMET 25-100, 
aaa oda, ort atts sch ates and SNEMET 2528 pe ab we 
cardiac function should be monitored with particular care dur- SINEMET 10100 and Tablets SINEMET 25:250 
ing period of initial dosage adjustment, ina facility with provi- must be from light. > 

yy hob ada dials Mani ; : 

„ with levodopa, thereis possibilty of upper Gihemonhage Merc & DOHME Gf 

in patients with history of peptic ulcer. TAE DIV OF MERCK CO, NG, WEST PONT Pa 
A symptom complex resembling the neuroleptic malignant FOR: * 
syndrome including muscular rigidity, elevated body temper- 


ature, mental changes, and increased serum creatine phos- 
phokinase has been reported when antiparkinsonian agents 
were withdrawn abruptly. Therefore, patients should 
observed carefully when the dosage of SINEMET is reduced 
abruptly or discontinued, especially ifthe patientis receiving 
neuroleptics. 

Usage in Pregnancy and Lactation: Although effects of 
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Transderm Scōp 
_ is the better choice 
for motion sickness 


prevention 


* more effective than 25 mg meciizine 
and Dramamine’? 


+ better compliance because transdermal 
delivery is more convenient 
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ansderm Scop’ | 
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J -scopol 
[i programmed delivery 
0.5 mg over 72 hrs 
3 y 


Transderm Scōp should not be used in children. Use with 
special care in the elderly and in patients taking 
drugs (including alcohol) capable of causing / N 
CNS effects. Dryness of the mouth occurs 
in about two thirds of people. Please 

see Prescribing Information on L| 
a . 


next page before 
prescribing. A 





Transderm Scop” 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scõp is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scdp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or in a 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scép provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scép should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scop should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scdp should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scop should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scōp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scép should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 


S. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scép system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scōp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scép disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


CIBA 


1. Dahl E: Clin Pharmacol Ther 1984;36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scõp® demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P= 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scop, compared to 50% with Dramamine® 
(P>0.05). 
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€ DHE 45 X 


| (ihydroegotamine mesylate 
injection, USP 


Acts directly on the serotonin 
receptors thought to be the 
source of migraine pain*'” 

FAST RELIEF—In a group of 21 patients treated 


with D.H.E. 45, the mean pain score dropped 
71%! in 30 minutes’ 


Ð NONNARCOTIC—Nonadd ictive, nonsedative 


Unlike ergotamine tartrate: 


D A venoconstrictor with minimal arterial 
vasoconstricting activity*® 


È Reduced incidence of nausea’ 
® Aborts ongoing headache‘ 


*In animal models D.H.E. 45 was shown to bind selectively to 5-HT,, 
serotonin receptors. Clinical significance has not yet been 
established. 


tMean pain scores fell from 83 to 25 on a scale of 0 to 100, with 100 being the worst possible. 


THE FIRST 5-HT, AGONIST 








“For many [episodic migraine] patients drug dependence 
cycles have become established: for others, disabling 
headaches continue unabated, seemingly indefinitely. 
The use of DHE...has revolutionized the therapeutic 


approach to this segment... 


D.H.E. 45: 


(dihyd jotamine mesylate) 
injection, USP 


DESCRIPTION 
D.H.E. 45® is hydrogenated ergotamine as the mesylate. It is a clear, colorless, stable ampul 
solution containing per mL: 






dihydroergotamine mesylate, USP Re ON ts san img 

methanesulfonic acid/sodium hydroxide ne . gs to pH 3.6 + 0. 

MOON, USP onc c asc veces cenenscesccescnssesioeacsssecccececsicseee 6.1% by vol. 

Glycerin, USP... sees seneee eee cneeeeccenassnawenaceesscseacneers 15% by wt. 

water for injection, USP, qS tO... ......- 2. eee cree eeenennee seer esse setae etee es iml 
ACTIONS 


nausea and vomiting. 
ote kor action occurs in 15 to 30 minutes following intramuscular administration and persists 
S. 

Repeated dosage at 1 hour intervals up to 3 hours may be required to obtain maximal effect. 
INDICATIONS 

As therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so-called 
“histaminic cephalalgia” when rapid control is desired or when other routes of administration are 
not feasible. 
CONTRAINDICATIONS 

Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal 
function, sepsis and pregnancy. Hypersensitivity. 
ADVERSE REACTIONS 

Numbness and tingling of fingers and toes, muscle pains in the extremities, weakness in the 
legs, precordial distress and pain, transient tachycardia or bradycardia, nausea, vomiting, 
localized edema and itching. E 

There have been reports of pleural and retroperitoneal fibrosis in patients following prolonged 
use of dihydroergotamine. 


DHE-0192-01 1/92 


“4 


N.H. Raskin, MD 


DOSAGE AND ADMINISTRATION 

For vascular headache, 1 mL intramuscularly at first warning sign of headache, repeated at 
1 hour intervals to a total of 3 mL. Optimal results are obtain by titrating the dose for several* 
headaches to find the minimal effective dose for each patient and this dose should then be 
employed at onset of subsequent attacks. Where more id effect is desired, the intravenous 
route may be employed to a maximum of 2 mL. Total weekly dosage should not exceed 6 mL. 


OVERDOSAGE 
PR oo to observe the upper limits of repeated parenteral dosage may result in eventual onset 






toxic signs and symptoms of . Treatment includes discontinuance of the 
drug, warmth, vasodilators, and good nursing care to prevent tissue damage. 
HOW SUPPLIED 
As a clear, colorless and stable solution in ampuls containing: 

dihydroergotamine mesylate, USP SE eT 1 
methanesulfonic acid/sodium hydroxide A= qs to pH 3.6 + 03 
alcohol, USP .......cccecseccccceeereteneceestncecessesesesasresess 6.1% by 
Glycerin, a a A 15% by wt. 
water for injection, USP, QS t0 .........0-+eseeeeeee tenner ete eeeer ess teerenes Tmt 


Ampuls, 1 mL size — boxes of 20. 


To assure the ampuls from light and heat. In the event the ampul solution 
becomes 


constant potency, 

discolored, it should not be used. 

*Also known as Dyhydergot® 

SANDOZ PHARMACEUTICALS CORPORATION, East Hanover, NJ 07936 
[NOVEMBER 15, 1990 DHE-Z20(BB)] 


SANDOZ CORPORATION 


EAST HANOVER, NEW JERSEY 07936 
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Calendar of Meetings 














March 1992 

28 Seventh Headache Symposium, Germantown Hospital, Philadelphia, Pa. Con- 
tact Lynne Kaiser, The Germantown Hospital and Medical Center, Comprehen- 
sive Headache Center, One Penn Blvd, Philadelphia, PA 19144; (215) 951-8926. 

April 1992 

12-15 “Myasthenia Gravis and Related Disorders,” Hyatt Regency, Washington, DC. 
Contact The New York Academy of Sciences, 2 E 63rd St, New York, NY 10021; 
(212) 838-0230. 

24-25 Annual Meeting of the Midwest Pain Society, Swissdtel, Chicago, Ill. Contact E. 
Richard Blonsky, Program Chairman, 345 E Superior St, Chicago, IL 60611; (312) 
908-6224. 

June 1992 

8-12 Ninth International Congress of Electromyography and Clinical Neurophysiol- 
ogy, Jerusalem, Israel. Contact Dr Arieh N. Gilai, Electromyography and Clini- 
cal Neurophysiology Congress, PO Box 29334, Tel Aviv 61292, Israel. 

11-13 13th Annual Child Neurology Postgraduate Course, Sonesta Beach Hotel, Key 
Biscayne, Fla. Contact Oscar Papazian, Department of Neurology, Miami Chil- 
dren's Hospital, 3200 SW 60th Ct, Miami, FL 33155; (305) 662-8330. 

25-26 Second Craigie Conference on Brain Capillaries, Montreal, Quebec. Contact Dr 

> Paul M. Gross, Neurosurgical Research Unit, Department of Surgery, Queen’s 


University, 146 Stuart St, Kingston, Ontario, Canada K7L 3N6; (613) 545-6464. 


25-27 Second European Stroke Conference, Palais de Beaulieu, Lausanne, Switzerland. 
Contact J. Bogousslavsky and M. Hennerici, Department of Neurology, Centre 
Hospitalier Universitaire Vaudois, CH-1011, Lausanne, Switzerland. 


25-27 “International Workshop on Neurobehavioral Disorders in Multiple Sclerosis,” 
Bergamo, Italy. Contact Stephen C. Reingold, Research and Medical Programs 
Department, National Multiple Sclerosis Society, 205 E 42nd St, New York City, 
NY 10017; (212) 986-3240. 


25-28 27th Meeting of the Canadian Congress of Neurological Sciences, Winnipeg, 
Manitoba. Contact Permanent Secretariat, Canadian Congress of Neurological 
Sciences, 810, 906-12 Ave SW, Calgary, Alberta, Canada T2R IK7; (403) 229-9544. 


26-28 34th Annual Scientific Meeting of the American Association for the Study of 
Headache, Toronto, Ontario. Contact Robert K. Talley, Executive Director, 875 
t Kings Hwy, Suite 200, West Deptford, NJ 08096; (609) 845-0322. 
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Current hypotheses suggest 


Calcium influx 
is a key component 
of ischemic injury” 





Photomicrograph of depolarized cultured rat hippocampal neuron, showing elevated intracellular 
calcium. Blue represents lowest and gray represents highest concentration of metabolically active 


ionized calcium. 


Ischemia is associated with calcium influx which 
activates phospholipases and degrades neuronal cell membranes2"* 


Cerebroselective 
calcium channel blockade may 
protect against ischemic injury 


NIMOTOP modulates calcium influx 
to promote cerebral perfusion and may 
directly protect neurons>’ 





Nimodipine-treated cultured rat Cultured rat hippocampal 
hippocampal neuron under neuron showing normal 
depolarizing conditions, showing intracellular calcium’ 
decreased intracellular calcium. 


In aneurysmal subarachnoid hemorrhage 





nimodipine 


CAPSULES 30mg 


Reduces the consequences of cerebral ischemia 


In aneurysmal subarachnoid hemorrhage 
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nimodipine 


CAPSULES 30mg 





Reduces the consequences of cerebral ischemia 


BRIEF SUMMARY 
NIMOTOP? (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological outcome by reduc- 
ing the incidence and severity of ischemic deficits in patients with subarachnoid hemorrhage 
from ruptured congenital aneurysms who are in good neurological condition post-ictus (e.g., 


Hunt and Hess Grades I-III). 


CONTRAINDICATIONS 
None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
thage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Intestinal pseudo-obstruction and ileus have been reported rarely in patients treated with 
nimodipine. A causal relationship has not been established. The condition has responded to 
conservative management. 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

A study in eight healthy volunteers has shown a 50% increase in mean peak nimodipine 
plasma concentrations and a 90% increase in mean area under the curve, aftera one-week course 
of cimetidine at 1,000 mg/day and nimodipine at 90 mg/day. This effect may be mediated by the 
known inhibition of hepatic cytochrome P-450 by cimetidine, which could decrease first-pass 
metabolism of nimodipine. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were y ae in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general re roductive performance of male and 
female Wistar rats following oral doses of up to 30 ort em when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose ina rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral 
doses of 1 and 10 mg/kg/day administered (by gavage) from day 6 through day 18 of pregnancy but 
not at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased 
incidence of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was 
embryotoxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 

g/day administered by gavage from day 6 through day 15 of pregnancy. In two other rat 
studies, doses of 30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and 
continued until sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher 
incidences of skeletal variation, stunted fetuses and stillbirths but no malformations. There are 
no adequate and well controlled studies in pregnant women to directly assess the effect on human 
fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given Aaii. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 


DOSE q4h 
Number of Patients (%) 
Nimodipine _Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n=82) (n=7i) (n=494) (n=172) (n=4) (n= 479) 
Decreased 
Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2 (50.0) 6 (1.2) 
Abnormal Liver 
Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(17) 0 3 (0.6) 
h 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 


Lp Ue Breen TTA 





a 
DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n= 4) (n = 479) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2(42) 0 0 — 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EK 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 

There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthead- 
edness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg qth dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included | 


decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage i expected to te related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach+ 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
ahole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic cirrhosis have substantially reduced clearance and approximately dou- 
bled Cmax. Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood 
pressure and heart rate. 
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Magnetic Resonance 
Imaging of the 
Pediatric Brain: 
An Anatomical Atlas 


By G. Salamon, C. Raymaud, J. Regis, 
and C. Rumeau, 364 pp, with illus, $105, 
New York, NY, Raven Press, 1990. 


Magnetic Resonance Imaging of the 
Pediatric Brain is an anatomic atlas of 
magnetic resonance images of nor- 
mal children from birth to 16 years of 
age. Of the 18 children studied, 11 
were between birth and 18 months 
old, the period encompassing the 
most significant changes in the post- 
natal brain. All images are presented 
in the axial plane, except for those in 
the introduction, which are sagittal. 
The exquisite line drawings that ac- 
company each magnetic resonance 
image are meticulously labeled, and 
abbreviations are explained on every 
page so that the reader does not have 
to flip back and forth. Smaller line 
drawings are also presented that 
show the level of section for each 
image. The nine chapters are based 
on nine anatomic locations, and in 
each chapter the same level is seen at 
18 different ages. The atlas does not 
include T.-weighted images, and so 
the progression of myelination is 
presented only with T;-weighted im- 
ages. This fact is acknowledged by 
the authors, who state that the pur- 
pose of this atlas is anatomical iden- 
tification. 

The strength of the atlas is the at- 
tention given to morphologic detail 
in the normal developing pediatric 
brain. The images are of very good 
quality, and the layout of the atlas is 
well conceived and well executed. 
The nomenclature is given in Latin, 
which allows the text to be used in 
many countries without a transla- 
tion. 

Magnetic Resonance Imaging of the 
Pediatric Brain is not practical for 
clinical neurologists but should serve 
as a standard reference atlas in pedi- 
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atric neuroradiology. It should be 
available in pediatric hospitals and in 
centers where pediatric neuroimag- 
ing is routinely performed. Dr Sala- 
mon (with Dr Huang) authored a text 
15 years ago, and although the tech- 
nology has changed, the attention to 
detail has remained constant. 
WILLIAM A. WAGLE, MD 
Albany, NY 


Nerve Injuries and 
Their Repair: 
A Critical Appraisal 


By Sir Sydney Sunderland, 500 pp, with 
illus, $134.95, New York, NY, Churchill 
Livingstone, Inc, 1990. 


Nerve Injuries and Their Repair caps 
Sir Sydney Sunderland’s consider- 
able contributions to the subject of 
nerve fiber degeneration and regen- 
eration. As he states in the preface, 
there is no need to restate much of 
the contents of Nerves and Nerve In- 
jury. In this book, therefore, he pro- 
vides a companion volume to the 
earlier editions that addresses itself 
to amendments and “new and rele- 
vant information on nerve injury and 
repair.” For those persons who have 
found the earlier editions helpful in 
their thinking and practice, this vol- 
ume should be purchased to give 
them Dr Sunderland’s further views. 

The appearance of this book is 
pleasing and has clear type and good 
line drawings. The information is of- 
ten presented in point form. When 
this device is used to list a series of 
observations, different points and 
views, or components of a subject, it 
is quite effective. For other purposes, 
it seems contrived. 

For the clinician interested in 
nerve fiber degeneration and regen- 
eration, this is not a practical book, 
since the clinical facts of nerve injury, 
strategies of treatment, or outcome 
are discussed only superficially. The 
pathologist also may not be satisfied 








with the coverage of pathologic al- 
teration, eg, ultrastructural change, 
is not emphasized. 

For the investigator interested in a 
thorough review of the subject of 
nerve fiber degeneration and regen- 
eration, this book may not be suffi- 
cient, since such subjects as neurite 
outgrowth, maturation, myelina- 
tion, and target finding; retrograde 
effects; cell-to-cell interactions; the 
role of cell adhesion molecules in 
cell-to-cell interaction, myelin devel- 
opment, and maintenance; the cell 
biology of neurons, Schwann cells, 
and other nerve cells; nerve growth 
or trophic factors; targeting of mac- 
romolecules; receptors; plasticity; 
and many other topics, presumably 
needed to understand the metabolic 
events involved in development, 
maintenance, and degeneration and 
regeneration, are not covered. 

PETER J. DYCK, MD 
Rochester, Minn 





The Headache Book 


By Seymour Solomon and Steven Frac- 
caro, 191 pp, $14.95, New York, NY, 
Consumers Union of United States Inc, 
1991. 


The Headache Book by Seymour So- 
lomon, MD, and Steven Fraccaro is a 
Consumers Report book written for 
patients seeking “effective treat- 
ments to prevent headaches and re- 
lieve pain.” 

Throughout the book, the authors 
have kept in mind the underlying 
purpose of Consumers Union, a not- 
for-profit corporation established in 
1936 to provide the public with 
sound information and counsel on 
needed goods and services and to 
support efforts seeking to improve 
the quality of life. I wish them well 
with this volume, because it deserves 
a wide public readership. The advice 
the book gives reflects the many re- 
cent advances in the field of head- 
ache research. The authors use sim- 
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ple language, and technical terms are 
explained in a brief and clear fashion. 
The new headache classification of 
the International Headache Society is 
used where possible. 

Dr Solomon is director of the head- 
ache unit at Montefiore Medical Cen- 
ter, New York, NY, and professor of 
neurology at Albert Einstein College 
of Medicine, New York. Steven Frac- 
caro is a writer and journalist who 
has successfully teamed with Dr So- 
lomon to produce a text I believe our 
patients will find valuable. The book 
is divided into 10 chapters focused 
on particular headache types, includ- 
ing headaches in children and the 
elderly. Also presented is a chapter 
on when the patient with headache 
should see a physician. In describing 
individual headaches, case outlines 
are presented, making the clinical 
picture more real for the patient- 
reader. 

Preventive and acute therapy are 
explained as is patient variability in 
response to medications and the im- 
portance of physician supervision 
and guidance. The point is empha- 
sized that headache diagnosis is 
largely made on the answers given to 
the physician’s questions and not on 
tests and laboratory investigations. 
Each chapter is well summarized. 

Tension headache is dealt with 
clearly; the possible underlying 
mechanisms are described and the 
likely relationship between tension 
and migraine headache is discussed. 

The point is well made that pain 
medication for occasional use may do 
considerable harm by converting pe- 
riodic headache into chronic head- 
ache and, possibly, by causing liver 
and kidney damage. The chapter on 
cluster headaches, in particular, 
could be read with profit by many 
practitioners faced with treating this 
very difficult problem. 

Twenty-six pages are devoted to 
trigger factors, at times repeating in- 
formation contained in other chap- 
ters. However, concentrating this in- 
formation into a single chapter is 
worthwhile, because the part played 
by a well-informed patient alert for 
trigger factors is vital for headache 
control. Prominence is given to diet, 
and the role of hormones and irreg- 
ular body rhythms is described. Psy- 
chogenic headaches due to hysteria, 
depression, or delusions are de- 
scribed as uncommon. On the previ- 
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ous page, emotional stress is de- 
scribed as an important factor in 
headache. Some further differentia- 
tion here might be useful for the lay 
reader. The association with depres- 
sion is well described. I was pleased 
to see a paragraph included on 
chronic paroxysmal hemicrania, 
probably an underdiagnosed head- 
ache. 

Nondrug therapies will be read by 
patients with interest. Overdiagno- 
sis of “sinus headache,” temporo- 
mandibular joint dysfunction, hy- 
pertension, and “low blood sugar” as 
causes for headache is discussed. 

While 90% of headaches are due to 
migraine, tension-type headache, or 
cluster headache, hundreds of con- 
ditions may cause the remainder of 
headaches. Some of these are head- 
aches due to sexual activity, exertion, 
cough, ice cream, and tight swim 
goggles! 

The treatment of migraine in chil- 
dren is dealt with perhaps too con- 
servatively. 

This reviewer believes that pre- 
ventive medication such as 
B-blockers should be given earlier in 
children rather than later. Although 
cyproheptadine (Periactin), which is 
recommended, may not have as 
many potential side effects, it is also 
a much less effective drug. 

In the discussion concerning the 
elderly, only a sentence is given to 
distinguishing the aura of migraine 
from transient ischemic attacks. Fur- 
ther details might be in order to allay 
fears of stroke in older readers. 

The final chapter deals with when 
to see a physician about headaches 
and an explanation of the role of the 
physician. Patients who read this 
section may have unduly high expec- 
tations of their physician unless the 
physician has had special training in 
headache. The role of the headache 
clinic is presented as a place of last 
resort, and the rare need for hospi- 
talization is explained. 

The book ends on an appropriate 
up-beat note and includes a useful 
list of references and a good index. 

The Headache Book should be read 
not only by headache patients but 
also by medical students for its 
true common sense, accuracy, and 
balance as a good clinical introduc- 
tion to the field. It could also be 
profitably read by primary care 
practitioners as a useful update of 


a problem so commonly seen in 

their offices. < 
ROBERT SMITH, MD 
Cincinnati, Ohio 


The International 
Classification of 
Sleep Disorders 


By the Diagnostic Classification Steer- 
ing Committee of the American Sleep Dis- 
orders Association, 396 pp, $59.95, 
Lawrence, Kan, Allen Inc, 1990. 


The International Classification of 
Sleep Disorders is the product of 5 
years’ concerted effort on the part of 
the Diagnostic Classification Steer- 
ing Committee of the American 
Sleep Disorders Association. This 
committee, chaired by Dr Michael 
Thorpy, worked in collaboration 
with sleep researchers, clinicians, 
and associations from all over the 
world to produce a definitive classi- 
fication system of sleep disorders. 
The broad scope of this multispe- 
cialty and multinational project is 
readily apparent. The revision of the 
original Diagnostic Classification of 
Sleep and Arousal Disorders, published 
in 1979, involved surveying mem- 
bers of US and international profes- 
sional sleep societies, and collating, 
evaluating, and responding to iden- 
tified concerns. 

The result is a comprehensive and 
usable classification system. In con- 
trast with the four clusters of disor 
ders of the original nosology, pri- 
mary sleep disorders are now 
organized into two major groups: 
dyssomnias and parasomnias. The 
dyssomnias include those disorders 
producing a complaint of insomnia 
or daytime sleepiness and are further 
subdivided into intrinsic, extrinsic, 
and circadian rhythm disorders. The 
parasomnias include those disorders 
intruding into or occurring during 
sleep but not producing a primary 
complaint of insomnia or excessive 
sleepiness. 

A third section, the “Medical/ 
Psychiatric Sleep Disorders” (a help- 
ful change from the International Clas¢. 
sification of Diseases [ICD], Nint 
Edition [ICD-9] use of the terms or- 
ganic and nonorganic), comprises 
medical and psychiatric disorders 
commonly associated with sleep dis- 
turbance. “The Proposed Sleep Dis- 
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orders,” a fourth section, recognizes 
the new and rapid advances in the 
field of sleep disorders medicine. 
The volume also includes a differen- 
tial diagnosis listing, useful for teach- 
ing and clinical purposes, an ex- 
panded and revised glossary, a basic 
bibliography, and an index. Two ap- 
pendixes are provided, including a 
complete alphabetical listing as well 
as listings by medical system, by 
ICD-9-Current Modification (CM) 
code number, and by the classifica- 
tions in the Current Procedural Termi- 
~ nology. 

The organization of The Interna- 
tional Classification of Sleep Disorders 
uses a simpler three-axial system, 
enabling a specific ICD-9-CM code 
number to be given on each axis. In 
contrast with the original Diagnostic 
Classification of Sleep and Arousal Dis- 
orders, diagnoses are stated only 
once. The text content of each disor- 
der is presented in a standardized 
manner to maximize comprehen- 
Siveness and consistency. Among 
the helpful new features of this por- 
tion are very specific diagnostic cri- 
teria; criteria are presented also for 
specifying the severity and duration 
of each disorder. 

In general, the new format allows 
for improved communication of clin- 
ical information and better research 
documentation, making this volume 
as useful to the clinician as it is to the 
researcher. The International Classifi- 
cation of Sleep Disorders serves as an 
excellent resource for students be- 
ginning study in this field and be- 
longs in the library of all those in- 
volved, even peripherally, in sleep 
disorders medicine. 

DONALD W. GREENBLATT, MD 
Rochester, NY 


Modern Neuroradiology, 
vol 4, Radiology of the 
Eye and Orbit 


Edited by T. H. Newton and L. T. Bi- 
laniuk, 320 pp, with 989 illus, $115, 
New York, NY, Raven Press, 1990. 


Radiology of the Eye and Orbit, the 
Fourth volume in the series Modern 
Neuroradiology, is divided into nine 
chapters covering magnetic reso- 
nance imaging, computed tomogra- 
phy, and ultrasonography of the eye 
and orbit. This book has 989 illustra- 
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tions, and the chapters dealing with 
magnetic resonance imaging encom- 
pass slightly more than half of the 
book. The 25-page index is a useful 
aid in this multiauthored text. Con- 
tributors are established authors 
with considerable clinical experience 
in ocular and orbital imaging. This 
volume represents one in a series; 
each volume may be purchased indi- 
vidually. 

Chapter 1 provides a brief review 
of the technical aspects of magnetic 
resonance imaging, including the 
fat-suppression techniques useful in 
orbital imaging. Chapter 2 describes 
normal magnetic resonance ocular 
anatomy. Chapter 3 discusses mag- 
netic resonance ocular pathology 
and covers a broad variety of topics 
from hyaloid, retinal, and choroidal 
detachment to morning glory anom- 
aly and Norrie’s disease. The images 
are excellent and clearly labeled, 
with very good clinical correlation. 

Chapter 4 covers normal orbital 
anatomy, and chapter 5 is an exten- 
sive review of magnetic resonance 
orbital pathology. Tumors, inflam- 
matory disease, vascular abnormali- 
ties, bony lesions, and orbital apex 
lesions are well covered with an ex- 
cellent variety of case studies. Ap- 
propriately, the authors state that 
orbital trauma is better evaluated by 
computed tomography. 

Chapters 6 and 7 discuss the prin- 
ciples and techniques of orbital ul- 
trasonography and ocular and orbital 
pathology. Correlation with com- 
puted tomographic and magnetic 
resonance imaging findings is nicely 
presented, but one is left with the 
distinct feeling that computed to- 
mography and magnetic resonance 
imaging are clearly superior for the 
vast majority of clinical problems. 
Chapters 8 and 9 cover computed to- 
mography of normal orbital anatomy 
and ocular and orbital pathology. 
The case studies are extensive and 
the illustrations are very good. 

The only criticism of Radiology of the 
Eye and Orbit is the separation of pa- 
thology by imaging modality, partic- 
ularly computed tomography and 
magnetic resonance imaging. The 
strengths and weaknesses of com- 
puted tomography vs magnetic res- 
onance imaging could have been di- 
rectly compared, although there are 
a few comparative studies in the 
chapters discussing magnetic reso- 


nance imaging. Not only would the 
authors have a chance to comment 
on these differences but the reader 
could also make direct comparisons. 
This book is highly recommended to 
physicians dealing with ocular and 
orbital pathology. The 989 illustra- 
tions alone are worth the price of this 
book, but the authors have blended 
imaging material and text into a vol- 
ume that is a pleasure to read. 
WILLIAM A. WAGLE, MD 
Albany, NY 


Parkinson’s Disease: 
A Guide for 
Patient and Family 


Ed 3, by Roger C. Duvoisin, 201 pp, 
$30, New York, NY, Raven Press, 1991. 


Dr Roger Duvoisin has an unpar- 
alleled reputation for the elegant 
phrase, as a researcher who has 
made lifetime contributions in Par- 
kinson’s disease, as a perceptive cli- 
nician, and certainly as an educator 
of patients. This, the third edition of 
Parkinson's Disease: A Guide for Patient 
and Family reflects progress during 
the exciting past 6 years. Previous 
editions have been read by more in- 
telligent patients and families con- 
cerned with Parkinson’s disease than 
any other serious handbook. Lay 
groups have been supportive in the 
distribution of “the guide,” and in- 
dividual practitioners continue to 
recommend this work for the new 
patient who wishes more details 
than are readily available from any 
single other source. The previous 
superb descriptions of the symptoms 
of Parkinson’s disease are retained in 
this edition with, as outlined in the 
forward, some reduction in empha- 
sis on certain medications, such as 
the anticholinergics. 

Dr Duvoisin has added, in partic- 
ular, lucid comments about MPTP 
(methylphenyltetrahydropyridine), 
deprenyl, pergolide, PSP (phenolsul- 
fonphthalein), magnetic resonance 
imaging, the protein diet, and the 
newer surgical aspects of therapy. 
Particularly exciting in this edition is 
the fact specifically highlighted in the 
preface, ie, the proliferation of young 
investigators in the clinical and basic 
areas of the expanding field of move- 
ment disorders. Dr Duvoisin, as 
much as any one individual, origi- 
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nally emphasized the balance be- 
tween the cholinergic and the 
dopaminergic systems that was, and 
still remains, a useful concept of 
therapy. Also, he is one who has 
done much to encourage new inves- 
tigators and is a gracious leader in the 
field. As this new edition empha- 
sizes, we are now far beyond many 
of our previous ideas and have even 
reached what he summarizes nicely 
in the last sentence in the preface: 
“The heretofore undreamable now 
seems likely; the cause and preven- 
tion, if not cure, of Parkinson’s dis- 
ease appear to be within reach.” 

How satisfying it is that this good 
and articulate man and his skillful 
wife whose assistance is carefully ac- 
knowledged can take pride again in 
this third edition of the best guide for 
patients and families who struggle 
with Parkinson’s disease. 

This book is recommended highly 
for patients and for doctors who 
choose to educate their patients by 
loaning their books. The doctor 
would also benefit by reading it. 

GEORGE PAULSON, MD 
Columbus, Ohio 


Acquired Aphasia 


Ed 2, edited by M. T. Sarno, 600 pp, 
with illus, $55, Orlando, Fla, Academic 
Press Inc, 1991. 


It has been 10 years since the first 
edition of Acquired Aphasia appeared. 
In that time, many advances have 
been made in aphasiology and neu- 
rolinguistics, and most of these ex- 
pansions in knowledge are well rep- 
resented in this new volume. The 
book opens with an insightful his- 
torical review by Arthur Benson. The 
classic clinical syndromes and the cor- 
responding neuroimaging findings 
are described in two well-written 
chapters by Antonio Damasio and 
Hanna Damasio, respectively. The 
chapter on aphasia assessment by Ot- 
fried Spreen and Anthony Risser is 
exhaustively comprehensive and will 
serve as an excellent reference for 
nearly any test used in the assess- 
ment of language in neurological dis- 
orders. Three neurolinguistically ori- 
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ented chapters concentrate on the 
phonological (Sheila Blumstein), lex- 
ical (Brenda Rapp and Alfonso Cara- 
mazza), and sentence processing (Rita 
Berndt) aspects of aphasia. Hugh 
Buckingham reviews the conundrums 
surrounding the idea of apraxia of 
speech. Edith Kaplan contributes a 
chapter on aphasia-related disorders, 
including reading and writing abnor- 
malities, acalculia, finger agnosia, 
right-left disorientation, construc- 
tional disorders, and apraxia. Kerry 
Hamsher presents the difficult area 
of the relationship of aphasia to in- 
telligence, and Howard Gardner and 
colleagues discuss observations re- 
garding artistry and aphasia. Lan- 
guage in aging and dementia is an 
increasingly important area of re- 
search and is ably presented by Rhoda 
Au, Loraine Obler, and Martin Al- 
bert. Dorothy Aram provides insight 
into the opposite end of the devel- 
opmental spectrum in her discussion 
of acquired aphasia in children. Apha- 
sia after head injury is reviewed by 
Harvey Levin, drawing on his exten- 
sive experience with the neuropsy- 
chological consequences of minor and 
major head trauma. John Sarno pro- 
vides a particularly empathic view of 
the psychological and social sequels 
of aphasia, and Acquired Aphasia ends 
with a thorough summary of aphasia 
recovery and rehabilitation by Mar- 
tha Taylor Sarno. Together, these 
chapters provide a comprehensive ex- 
amination of the current state of the 
art with regard to aphasia. Each of 
the chapters is authored by a recog- 
nized authority in the area of their 
presentation, and many have made 
major contributions to the field of 
aphasiology. 

Several of the contributions deserve 
special comment. 

The chapter, “Signs of Aphasia,” 
describes the major classes of lan- 
guage alterations such as anomia, dys- 
fluency, repetitions failure, impaired 
comprehension, agrammatism, and 
alexia and agraphia; each aphasic syn- 
drome is then presented. This suc- 
cinct discussion is an excellent review 
of the clinical approach to aphasia 
examination and classification. The 
chapter on neuroanatomic correlates 





of aphasia contains many beautifully 
presented computed tomographic „x 
templates showing the location of le- 
sions in patients with the major types 
of aphasia. The text and templates 
provide a particularly compelling case 
for clinicoanatomic correlation in the 
aphasias. The chapter devoted to the 
assessment of aphasia is a very com- 
prehensive compendium of the tests 
used to assess aphasia, the concep- 
tual underpinnings of the tests, what 
is known of the psychometric prop- 
erties of the instruments, and the 
strengths and drawbacks of each o 
the tools. It is a uniquely thorough 
treatment of this body of literature. 
Neurologists are likely to find the 
chapters devoted to neurolinguistic 
aspects of aphasia of least interest 
and relevance. While accurately rep- 
resenting the current direction of 
aphasia research, this type of infor- 
mation has had little impact in the 
diagnostic or therapeutic domains. 
The discussion of artistry and apha- 
sia is particularly interesting. It pre- 
sents a somewhat novel view of art 
production and appreciation as cog- 
nitive abilities rather than as means 
of emotional gratification and then 
reviews the relationship of aphasia to 
music, drawing, and literature. The 
paintings of an artist who sustained 
a stroke with aphasia are presented 
and discussed, and the relatively lim- 
ited impact of the stroke on the art- 
istry is emphasized. The chapter on 
recovery and rehabilitation presents 
an in-depth analysis of outcome stud- 
ies and the resolution of aphasia with 
and without therapy. This chapter 
cannot resolve the controversy re- 
garding the efficacy of aphasia ther- 
apy, but the reader will find the re- 
view of the literature sufficiently com- 
plete and fair to forma personal opin- 
ion. 

Overall, this is the most compre- 
hensive and clinically relevant vol- 
ume on aphasia that is currently avail- 
able. Newcomers to this field will find 
it to be an excellent textbook, and 
experienced practitioners will find it 
a useful update and reference source. 

JEFFREY L. CUMMINGS, MD 
Los Angeles, Calif 
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Introducing the First 
Prescription Antiplatelet Agent 
that Significantly Reduces 

the Risk of Stroke 
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Iclopiaine HUI sto 


For patients intolerant to aspirin therapy 
where indicated to prevent stroke’ 


Proven to significantly reduce the risk 
of initial stroke in TIA patients 


Proven to significantly reduce the risk 
of recurrent stroke 


Proven effective in women 
as well as men’: 


*Because TICLID is associated with a risk of neutropenia/agranulocytosis, 
which may be life threatening (see Warnings), TICLID should be reserved for 
patients who are intolerant to aspirin therapy where indicated to prevent stroke. 


For further information, including the CBC Monitoring Program for TICLID, 
please call 1-800-TICLID-1. 


Please see brief summary of prescribing information on last page. 
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Significant Results in 
Reducing Stroke Risk Proven 
in Two Landmark Studies” 


487 reduction vs aspirin ‘in risk of initial stroke 
in TIA patients at year 1, (P=.0004, n=3034), 
the year of greatest risk’ 


— 24% reduction in risk‘ of initial stroke vs aspirin 
at year 5 (P = O11) 


— 27% estimate of constant reduction in risk of fatal or nonfatal stroke 
(P = O11) for duration of trial (5.8 years)? 


33% reduction in risk of recurrent stroke 


(fatal or nonfatal) at year 1, (P=.008, n= 1053), 
the year of greatest risk 


— 24% reduction in risk‘ of recurrent stroke at year 3 (P = 017) 


— 34% estimate of constant reduction in risk of fatal or nonfatal stroke 
(P = 017) for duration of trial? 


‘Because TICLID is associated with a risk of neutropenia/agranulocytosis, 
which may be life threatening (see Warnings), TICLID should be reserved for 
patients who are intolerant to aspirin therapy where indicated to prevent stroke. 


*Analysis based on all study participants, which included patients with transient ischemic attack, transient monocular 
blindness, reversible ischemic neurological deficit, and minor stroke. 

1. Hass WK, Easton JD, Adams HP Jr et al. A randomized trial comparing ae hydrochloride with aspirin for the 
prevention of stroke in high-risk patients. N Engl J Med. 1989;321(8):501-5 

2. Gent M, Easton JD, Hachinski VC et al. The Canadian American Teline ae (CATS) in thromboembolic stroke. 
Lancet. 1989:1:1215-1220. 

3. Biller J, Love BB, Gordon DL. Antithrombotic therapy for ischemic cerebrovascular disease. Semin Neurol. 1991:11:353-367 

4. Ticlid (ticlopidine HCI) full prescribing information. 


Please see brief summary of prescribing information on last page. 
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Side Effects: Neutropenia 


— Because TICLID is associated with a risk of neutropenia/ 
agranulocytosis, which may be life threatening (see Warnings), 
TICLID should be reserved for patients who are intolerant to 
aspirin therapy where indicated to prevent stroke 


— Neutropenia* occurred in a total of 2.4% of patients (0.8% severe’) 


— The onset of severe neutropenia occurred 3 weeks to 3 months 
after the start of therapy, and was not typically associated with 
clinical signs or symptoms 


— After the first 90 days, incidence of neutropenia was comparable 
to control, and was mild to moderate in nature 


— CBC monitoring (including differentials) for neutropenia is 
therefore essential every 2 weeks for the first 3 months of therapy* 


— In clinical trials, all cases resolved 1 to 3 weeks after discontinuing therapy’ 
— Overall incidence of discontinuation for neutropenia: 13% 


‘Other Side Effects 


— Most frequent were diarrhea (12.5%), nausea (70%), 
dyspepsia (70%), and rash (5.1%) 


— Most occurred early in therapy, although new onset of side 
effects can occur after several months 


— Side effects are usually mild. In clinical trials, 21% of patients 
discontinued therapy due to an adverse event 


— There was an 8%-10% average increase of serum cholesterol 
after 1 to 4 months of therapy with TICLID. Lipid subfraction 
ratios, however, remained unchanged. 
*Defined as < 1200 neutrophils/mm*, seen in 50 of 2048 patients. *Defined as <450 neutrophils/mm? seen in 17 of 2048 patients 
More frequent monitoring is necessary for patients whose ANC have been consistently declining or are 30% less than the baseline count. 


After the first 3 months, CBCs need only be repeated for signs or symptoms suggestive of neutropenia. See Warnings section in full 
prescribing information. SWith neutrophil levels returning to > 1200/mm? 


Please see brief summary of prescribing information on last page. 
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Iclopidine HU test 


Introducing the First Prescription Antiplatelet Agent 
that Significantly Reduces the Risk of Stroke 


For further information, including the CBC Monitoring Program for TICLID, please call 1-800-TICLID-1. 


TICLID *(ticlopidine hydrochloride) 250 mg Tablets 


INDICATIONS AND USAGE TICLID is indicated to reduce the risk of thrombotic stroke (fatal or nonfatal) in patients who 
have experienced stroke precursors, and in patients who ha 0 stroke Because TICLID is 
associated with a risk of neutropenia/agranulocytosis, which may be life-threatening (See Warnings), TICLID should be 
reserved for patients who are intolerant to aspirin therapy where indicated to prevent stroke. CONTRAINDICATIONS The 
use of TICLID® is contraindicated in the following conditions: Hypersensitivity to the drug. Presence of hematopoietic 
disorders such as neutropenia and thrombocytopenia. Presence of a hemostatic disorder c ve pathological bleeding 
(such as bleeding peptic ulcer or intracranial bleeding). Patients with severe liver impairment 


WARNINGS 














Neutropenia 

Neutropenia defined in these studies as an ANC <1200 neutrophils/mm® occurred in 50 of 2,048 (2.4%) stroke 
patients who received TICLID in clinical trials. Severe Neutropenia (<450 neutrophils/mm’): Severe 
neutropenia and/or agranulocytosis occurred in 17 of the 2,048 (0.8%) patients who received TICLID. When 
the drug was discontinued in these patients, the neutrophil counts returned to normal (>1200 
neutrophils/mm*) within 1-3 weeks. Mild to Moderate Neutropenia (451-1200 neutrophils/mar): Mild to 
moderate neutropenia occurred in 33 of the 2,048 (1.6%) patients who received TICLID. Eleven of the patients 
discontinued treatment and recovered within a few days. In the remaining 22 patients, the neutropenia was 
transient and did not require discontinuation of therapy. The onset of severe neutropenia occurred 3 weeks 
to 3 months after the start of therapy with TICLID, with no documented cases of severe neutropenia beyond 
that time in the large controlled trials. The bone marrow typically showed a reduction in myeloid precursors. 
It is therefore essential that CBCs and white cell differentials be performed every two weeks starting from 
the second week to the end of the third month of therapy with TICLID, but more frequent monitoring is 
necessary for patients whose absolute neutrophil counts have been consistently declining or are 30% less 
than the baseline count. Neutropenia (an absolute neutrophil count (ANC) of less than 1200 neutrophils/mm*) 
is calculated as follows: ANC = WBC x % neutrophils. If clinical evaluation and repeat laboratory testing 
confirm the presence of neutropenia (<1200/mm’), the drug should be discontinued. In clinical trials, when 
therapy was discontinued immediately upon detection of neutropenia, the neutrophil counts returned to 
normal within 1-3 weeks. After the first three months of therapy, CBCs need be obtained only for patients 
with signs or symptoms suggestive of infection. 

















Thrombocytopenia Rarely, thrombocytopenia may occur in isolation or together with neutropenia, If clinical 
evaluation and repeat laboratory testing confirm the presence of thrombocytopenia (<80,000 cells/mm’), the drug 
should be discontinued. Cholesterol Elevation TICLID® therapy causes increased serum cholesterol and triglycendes. 
Serum total cholesterol levels are increased 8-10% within one month of therapy and persist a el. The ratios of the 
lipoprotein subfractions are unchanged. Other Hematological Effects Rare cases of pancytopenia and thrombotic 
thrombocytopenic purpura, some of which have been fatal. have been reported in Post-Marketing Surveillance 
Anticoagulant Drugs The tolerance and safety of coadmin on of TICLID with heparin. oral anticoagulants, or 
fibrindlytic agents has not been established. If a patient i d from an anticoagulant or fibrinolytic drug to TICLID. the 
mer drug should be discontinued prior to TICLID administration. PRECAUTIONS General TICLID should be used with 
Caution in patients who may be at risk of increased bleeding from trauma. surgery. or path nditions. If it is desired 
to eliminate the antiplatelet effects of TICLID prior to elective surgery. the drug should be di 
surgery. Several controlled clinical studies have found increased surgical blood loss in pati 
treatment with ticlopidine. In TASS and CATS it was recommended that patients have tic 
elective surgery. Several hundred patients underwent surgery during the tnals, and no exce: 
reported. Prolonged bleeding time is normalized within two hours after administration of 2 methylprednisolone i.v 
Platelet transtusions may also be used to reverse the effect of TICLID on bleeding. GI Bleeding TICLID prolongs template 
bleeding time. The drug should be used with caution in patients who have lesions with a propensity to bleed (such as 
ulcers). Drugs that might induce such lesions should be used with caution in patients on TICLID. (See Contraindications 
Use in Hepatically Impaired Patients Because of limited experience in patients with severe hepatic disease, who may 
have bleeding diatheses, the use of TICLID is not recommended in this population. (See Clinical Pharmacology and 
Contraindications.) Use in Renally Impaired Patients The limited experience in patients with renal impairment. In 
controlled clinical tnals, no unexpected problems have been encountered in patients having mild renal impairment and 
there is no experience with dosage adjustment in patients with greater degrees of renal impairment. Nevertheless, for 
renally impaired patients it may be necessary to reduce the dosage of ticlopidine or discontinue it altogether, if hemorrhagic 
or hematopoietic problems are encountered. (See Clinical Pharmacology) Information for the Patient (See PPI) Patients 
should be told that a decrease in the number of white blood cells (neutropenia) can occur with TICLID* especially during 
the first three months of treatment, and that if neutropenia is severe, it could result in an increased risk of infection They 
should be told it is critically important to obtain the scheduled blood tests to detect neutropenia. Patients should also be 
reminded to contact their physicians if they experience any indication of infection such as fever. chills, and sore throat, all of 
which may be consequences of neutropenia. All patients should be told that it may take them longer than usual to stop 
bleeding when they take TICLID and that they should report any unusual bleeding to their physician. Patients should tell 
physicians and dentists that they are taking TICLID before any surgery is scheduled and before any new drug is 
prescribed. Patients should be told to report promptly side effects of TICLID such as severe or persistent diarrhea, skin 
rashes, or subcutaneous bleeding, or any signs of cholestasis. such as yellow skin or sclera, dark urine. or light colored 
stools. Patients should be told to take TICLID with food or just after eating in order to minimize gastrointestinal discomfort 
Laboratory Tests Liver Function: TICLID therapy has been associated with elevations of alkaline phosphatase and 
transaminases which generally occurred within 1-4 months of therapy initiation. In controlled clinical trials. the incidence of 
elevated alkaline phosphatase (greater than 2 times upper of normal) was 7.6% in ticlopidi tients, 6.0% in placebo 
patients and 2.5% in aspirin patients. The incidence of elevated AST (SGOT) (greater than 2 times upper limit of normal 
was 3.1% in ticlopidine patients, 4.0% in placebo patients and 2.1% in aspirin patients. No pi sive increases were 
observed in closely monitored clinical trials (e.g. no transaminase greater than 10 times the upper limit of normal was 
developed minor 
ould be considered 
nt Drug Interactions 
analogous effects 
mal enzymes with low 






























lergoing surgery cunng 
discontinued pror to 
'e surgical bleeding was 











































































elevations in bilirubin. Based on post-marketing and clinical tnals experiences, liver function testin 
whenever liver dysfunction is suspected, particularly during the first four months 
Therapeutic doses of TICLID caused a 30% increase in the plasma half-life of antipyrine y 
on similarly metabolized drugs. Therefore the dose of drugs metabolized by hepatic microso 
therapeutic ratios, or being given to patients with hepatic impairment, may require adju: to maintain optima 
therapeutic blood levels when starting or stopping concomitant therapy with ticlopidine. Studies of specific drug interactions 
yielded the following results: Aspirin: Aspirin did not modify the ticlopidine-mediated inhibition of ADP-induced platelet 
aggregation, but ticlopidine potentiated the effect of aspirin on collagen-induced platelet aggregation. The safety of this 
combination has not been established and concomitant use of aspirin and ticlopidine is recommended. (See 
Precautions - GI Bleeding). Antacids: Administration of TICLID after antacids resulted in an 18% decrease in plasma 
levels of ticlopidine. Cimetidine: Chronic administration of cimetidine reduced the clearance of a single dose of TICLID by 
5 Digoxin: Co-administration of TICLID with digoxin resulted in a slight decrease (approximately 15%) in digoxin 
plasma levels. Little or no change in therapeutic efficacy of digoxin would be expected. Theophylline: In normal 
volunteers, concomitant administration of TICLID resulted in a significant increase in the theophylline elimination half-life 
from 8.6 to 12.2 hr and a comparable reduction in total plasma clearance of theophylline. Phenobarbital: In six normal 
volunteers, the inhibitory effects of TICLID on platelet aggregation were not altered by nic administration of 
phenobarbital. Phenytoin: In vitro studies demonstrated ticlopidine does not alter th ma protein binding of 
phenytoin. However, the protein binding interactions of ticlopidine and its metabolites have not been studied in vivo. 
Caution should be exercised in coadministering this drug with TICLID and it may be useful to remeasure phenytoin blood 
concentrations. Propranolol: in vitro studies demonstrated that ticlopidine does not alter the plasma protein binding of 
propranolol. However, the protein binding interactions of ticlopidine ts metabolites have not been studied in vivo 
Caution should be exercised in coadministering this drug with TICLID 



























































Other Concomitant Therapy: Although specific interaction studies were no 
performed, in clinical studies, TICLID was used concomitantly with beta 
R blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs without evidence of clinically significant adverse 
interactions. (See Precautions.) Food Interaction: The oral bioavailability of 








J. ticlopidine is increased by 20% when taken after a meal. Administration of 
Tild TICLID with food is recommended to maximize gastrointestinal tolerance. In 
#30 controlled trials, TICLID was taken with meals. Carcinogenesis, 

50 wy 7 Mutagenesis, Impairment of Fertility in a two-year oral carcinogenicity study 
L5 J PA in rats, ticlopidine at daily doses of up to 100 mg/kg (610 mg/m‘) was not 
g4 tumorigenic. For a 70 kg person (1 73m* body surface area), the dose 





Mee 
Sg 1 pon represents 14 times the recommended clinical dose on a mg/kg basis and 2 


ptk times the clinical dose on body surface area basis. In a 78 week ora 
carcinogenicity study in mice ticlopidine at daily doses up to 275 mg/kg (1180 
mg/m‘) was not tumorigenic. The dose represents 40 times the recommended 
clinical dose on a mg/kg basis and 4 times the clinical dose on body surface 
area basis. Ticlopidine was not mutagenic in in vitro Ames test, rat hepatocyte 
| DNA-repair assay, and Chinese hamster fibroblast chromosomal aberration 
test and in vivo mouse spermatozoid morphology test, Chinese hamster 
micronucleus test and Chinese hamster bone marrow cell sister chromatid exchange test. Ticlopidine was found to have no 
effect on fertility of male and female rats at oral doses up to 400 mg/kg/day. Pregnancy: Teratogenic Effects Pregnancy 
Category B. Teratology studies have been conducted in mice (doses up to 200 mg/kg/day). rats (doses up to 
400 mg/kg/day) and rabbits (doses up to 200 mg/kg/day). Doses of 400 mg/kg in rats. 200 mg/kg/day in mice, and 100 
mg/kg in rabbits produced maternal toxicity as well as fetal toxicity, but there was no evidence of a teratogenic potential of 
ticlopidine. There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
studies are not alweys predictive of a human response. this drug should be used during pregnancy only if clea eded 
Nursing Mothers Studies in rats have shown ticlopidine is excreted in the milk. It is not known whether this drug Is 
excreted in human milk. Because many drugs are excreted in human milk and because of the potential for senous adverse 
reactions in nursing infants from ticlopidine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. Pediatric Use Safety and efficacy in patients under the 
age of 18 have not been established. Geriatric Use Clearance of ticlopidine is somewhat lower in elderly patients and 
trough levels are increased. The major clinical tnals with TICLID were conducted in an elderly population with an averag 
age of 64 years. Of the total number of patients in the therapeutic trials, 45% of patients were over 65 years old and 12% 
were over 75 years old. No overall differences in effectiveness or safety were observed between these patients and 
younger patients, and reported clinical expenence hi ot identified differences in responses between the elderly and 
younger patients, but ter sensitivity of some older individuals cannot be ruled out. ADVERSE REACTIONS Adverse 
reactions were relatively frequent, with over 50% of patients reporting at least one. Most (30 to 40%) involved the 
gastrointestinal tract. Most adverse effects are mild, but 21°% of patients discontinued therapy because of an adverse event 
principally diarrhea rash, nausea, vomiting, G.I. pain, and neutropenia. Most adverse effects occur early in the course of 
treatment, but a new onset of adverse effects can occur after several months. The incidence rates of adverse events listed in 
the following table were derived from multicenter, controlled clinical trials described above comparing TICLID. placebo, and 
aspirin over study p of up to 5.8 years. Adverse events considered by the investigator to be probably drug-related 
in at ‘east one percent of patients treated with TICLID are shown in the following table 


Percent of Patients with Adverse Events in Controlled Studies 












































































TICLID Aspinn Placebo 

(n = 2048) (n= 152 (n = 536) 
Event Incidence Incidence Incidence | 
Any Events 60.0 (20.9) 2(145 j 
Diarrhea 12.5 | 2 (18) (1.7) 
Nausea 7.0 (26) 6.2 (1.9) 1.7 (0.9) 
Dyspepsia 7.0 (1.1) 9.0 (2.0) 0.9 (0.2) 
Rash 5.1 (3.4) 1.5 (0.8) 06 (09 
GI Pain 3.7 (1.9) 56 (2.7) 13 (0.4) 
Neutropenia 24 (1.3) 0.8 (0.1) 1.1 (0.4) 
Purpura 22 (0.2) 1.6 (0.1) 0.0 (0.0) 
Vomiting 1.9 (1.4) 1.4 (0.9) 0.9 (0.4) 
Flatulence 15 (0.1) 1.4 (03) 0.0 (0.0) 
Prunitus 1.3 (0.8) 0.3 (01) 0.0 (0.0) 
Dizziness 1.1 (0.4) 05 (04 0.0 (0.0 
Anorexia 1.0 (04) 0.5 (0.3) 0.0 (0.0) 
Abnormal Liver 10 (07 0.3 (0.3) 0.0 (0.0) 
Function test 











Incidence of discontinuation. regardless of relationship therapy, is shown in parentheses 

Neutropenia/Thrombocytopenia See Warnings. Gastrointestinal TICLID therapy has been associated with a vanety of 
gastrointestinal complaints including diarrhea and nausea. The majority of cases are mild, but about 13% of patients 
discontinued therapy because of these. They usually occur within 3 months of initiation of therapy and typically are 
resolved within 1-2 weeks without discontinuation of therapy. If the effect is severe or persistent, therapy should be 
discontinued. Hemorrhagic TICLID has been associated with a number of bleeding complications such as ecchymosis 
epistaxis, hematuria, conjunctival hemorrhage. gastrointestinal bleeding and perioperative bleeding. Intracerebral bleeding 
was rare in clinical trials with TICLID, with an incidence no greater than that seen with comparator agents. (Ticlopidine 
0.5%, aspirin 0.6%. placebo 0.75%.) Rash Ticlopidine has been associated with a maculopapular or urticarial rash (often 
with pruritus). Rash usually occurs within 3 months of initiation of therapy, with a mean onset time of 11 days. If drug is 
discontinued, recovery occurs within several days. Many rashes do not recur on drug rechallenge. There have been rare 
reports of seve! hes. Less Frequent Adverse Reactions (Probably Related) Clinical adverse experiences occurring 
in 0.5 to 1.0 percent of patients in the controlled trials include: Digestive System: GI fullness, Skin and Appendages 
urticaria. Nervous System: headache. Body as a Whole: asthenia, pain. Hemostatic System: epistaxis. Special Senses 
tinnitus, In addition, rarer, relatively serious events have also been reported, mainly from foreign post marketing 
experience: Pancytopenia, hemolytic anemia with reticulocytosis, allergic pneumonitis, systemic lupus (positive ANA) 
peripheral neuropathy. vasculitis, serum sickness, arthropathy, hepatitis, cholestatic jaundice, nephrotic syndrome, myo: 
hyponatremia, immune thrombocytopenia and t bocytopenic thrombotic purpura (TTP). OVERDOSAGE One case. 
deliberate overcosage with TICLID has been reported by foreign postmarketing surveillance program. A 38 year old mae 
took a single 6000 mg dose of TICLID (equivalent to 24 standard 250 mg tablets). The only abnormalities reported were 
increased bleeding time and increased SGPT. No special therapy was instituted and the patient vered without 
sequelae. Si al doses of ticlopidine at 1600 mg/kg and 500 mg/kg were lethal to rats and m / 
Symptoms of acute toxicity were GI hemorrhage, convulsions, hypothermia, dyspnea, loss of equilibrium and abnorm: 
gait. DOSAGE AND ADMINISTRATION The recommended dose of TICLID is 250 mg BID taken with food. Other doses 
have not been studied in controlled trials for these indications. 
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The Significance of 
F-Chronodispersion in the 
Electrodiagnosis of 

| | Guillain-Barré Syndrome 
and Other Motor 
Neuropathies 





To the Editor.—We have studied with 
interest the report on electrodiagnos- 
tic abnormalities in consecutive pa- 
tients with Guillain-Barré syndrome 
by Ropper et al' and agree with the 
authors that F-wave studies are es- 
sential in the neurophysiological eval- 
uation of the syndrome. The purpose 
of this letter is to emphasize the sig- 
nificance of F-chronodispersion?* in 
patients who may have normal or bor- 
derline electrophysiologic results ei- 
ther in all or in some of the tested 
motor nerves. We would also like to 
comment that only 10 stimuli used to 
study F waves as practiced by the 
authors is insufficient not only for 
the study of F-chronodispersion but 
also for the evaluation of other more 
commonly used F-wave properties 
(shortest latency, severity of conduc- 
ion block), particularly in patients 
with motor neuropathies.’ 
F-chronodispersion has been de- 
scribed by one of us (C.P.P.)° to de- 
note the scatter or dispersion of the 
relative latencies of statistically sig- 
nificant numbers of consecutively re- 
corded F waves. The method is of 
particular importance in the study of 
nerves in which the involvement of 
fast-conducting fibers is not as severe 
as to influence the parameters mea- 
sured in conventional M- and F-re- 
sponse studies. F-chronodispersion 
depends on the relative differences 
of conduction velocity among indi- 
vidual nerve fibers of the same nerve. 
eee it is expected to detect 
nerve fiber demyelination when con- 
ventional methods, including mea- 
surements of short F-wave latencies, 


may fail. This is because F waves con- 
ducted along demyelinated nerve fi- 
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F-Chronodispersion 
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Conduction Velocity of Nerve Fibers, m/sec 


Left, Consecutive F waves. Right, Histograms of F-chronodispersion (upper) and MNCV 


of individual F-wave motor fibers 


(lower). 


Bars with oblique lines indicate 


F-chronodispersion calculated without F repeaters, the remaining with F repeaters 
included. Calibration: M response = 5 mV per division, F waves = 200 V per division, 


time = 10 milliseconds per division. 


bers will be dispersed in relation to 
those of unaffected ones.’ 
Practically, we have found abnor- 
mal F-chronodispersion in otherwise 
electrophysiologically normal nerves 
of patients with Guillain-Barré syn- 
drome, an example of which is illus- 
trated in the Figure. This shows re- 
cordings from the abductor pollicis 
brevis muscle of a 53-year-old man 
with onset of Guillain-Barré syndrome 
6 days prior to the investigation. M-re- 
sponse amplitude, duration and con- 
duction velocity, short F-wave laten- 
cies and persistence, as well as sen- 
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sory amplitude and duration for the 
median nerve stimulating at the wrist 
and elbow were normal despite clin- 
ical evidence of muscle weakness. 
Neurophysiologic credibility was es- 
tablished with F-chronodispersion 
that was grossly abnormal with some 
F waves traveling at half speed of 
normal fibers (lower histogram of 
nerve fiber conduction velocity esti- 
mated out of 50 individual F-wave 
latencies). Late F waves are recorded 
with a latency difference of as long as 
30 milliseconds (normal values not 
more than 5 milliseconds) from those 
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with the shortest latency (upper his- 
togram of F-chronodispersion of 50 F 
waves). Note the widely separated 
multiple F waves in response to one 
stimulus and that the first 10 consec- 
utive F waves may give erroneous 
results regarding the shortest F-wave 
latency. 

New computerized electromyo- 
graph machines that are properly 
modified make F-chronodispersion an 
easy, sensitive, and less time-consum- 
ing quantitative method to apply par- 
ticularly in patients with suspected 
motor neuropathies and normal con- 
ventional neurophysiologic values. 

C. P. PANAYIOTOPOULOS, MD, 
PHD 

E. CHRONI, MD 

C. DASKALOPOULOS, MD 

St Thomas’ Hospital 

London SE1 7EH 

England 
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Methodologic 
Considerations in 
Neuropsychologic Testing 
of Ataxic Patients 


To the Editor.—In analyzing the neu- 
ropsychologic changes in patients 
with olivopontocerebellar atrophy 
(OPCA), Berent et al! concluded that 
there are no neuropsychologic disor- 
ders in these patients because “mo- 
tor dysfunction and depressed mood 
could leave patients with OPCA ap- 
pearing to be impaired in memory, 
even demented, when they are not.” 
Since the first description from our 
laboratory of the cause-effect relation- 
ship between cerebellar damage and 
neuropsychologicimpairment,* many 
articles have pointed out the role of 
the cerebellum in cognition in both 
humans?” and animals.* The main 
challenge in the neuropsychological 
evaluation of patients with cerebellar 
damage is to dissociate cognitive from 
motor dysfunction. Berent et al! at- 
tempted to achieve this by means of 
a statistical procedure (analysis of co- 
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variance) meant to analyze neuropsy- 
chologic performance after adjust- 
ment of covariates such as education 
level and motor dysfunction as as- 
sessed by finger tapping speed, 
grooved pegboard, and grip strength 
scores. With that procedure, no neu- 
ropsychologic deficit was detected in 
patients with olivopontocerebellar at- 
rophy (OPCA). In a second analysis 
of a selected group of patients and 
controls pair-matched this time for 
education level, neuropsychologic 
deficits appeared in simple and choice 
reaction time, block design, digit sym- 
bol, and verbal fluency tests. The au- 
thors concluded that no evidence ex- 
isted for mental impairmentin OPCA 
patients because deficits apparent in 
terms of group comparisons disap- 
peared after analysis of covariance. 
In our studies,** the dissociation 
between cognitive and motor dys- 
function was achieved simply by 
choosing appropriate testing meth- 
ods. For example, Raven's standard 
progression matrices and the Hooper 
visual organization test were used by 
ust and by Kish et al,’ because these 
tests evaluate visuospatial functions 
without requiring any movement on 
the part of the patient at all. Neu- 
ropsychological deficits in patients 
with OPCA appeared in both timed 
and untimed versions of block de- 
sign and in the Raven’s test,* a result 
which we interpret as evidence of 
visuospatial deficits in patients with 
OPCA and a confirmation of previ- 
ous results? in epileptics with cere- 
bellar atrophies. Our results agree 
with those of Berent et al in the sense 
that patients with OPCA were im- 
paired in block design during the 
course of both studies. Analysis of 
covariance obscured these important 
findings, because itis not evident that 
the covariates chosen to control for 
motor ability are necessarily the ones 
relevant to each neuropsychological 
test. Perhaps by using different co- 
variates, the neuropsychological def- 
icits would have remained significant. 
Another curious conclusion by Be- 
rent et al' is the fact that they did not 
find any difference in simple and 
choice reaction time (RT) between pa- 
tients with OPCA and control sub- 
jects. There is no reference in their 
study! of the RT technique that they 
used. Reaction time must be sharply 
differentiated from movement time.** 
Reaction time measurements were 





found deficient not only in patients 
with OPCA,* but also in epileptic pa- „. 
tients with cerebellar atrophies com- ~ 
pared with epileptics with normal 
computed tomographic scans in the 
absence of any motor impairment or 
significant differences in age, educa- 
tion, and number of seizures. In con- 
trast with reaction time measures, the 
movement time values were not dif- 
ferent among the groups. The con- 
clusion of Berent et al! is in sharp 
disagreement not only with studies 
on humans, but also with experimen- 
tal studies on animals.’ In any case,* 
the best way to rule out motor dis- 
abilities is not by statistical adjust- 
ment, but by the use of appropriate 
testing procedures. 
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to determine whether patients with 
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are demented, because previous stud- 
ies have suggested that dementia is a 
regular feature of OPCA. We did not 
design our work to examine exhaus- 
tively the neuropsychological 
strengths and weaknesses in these 
patients. Nevertheless, we found 
other deficits, including psychomo- 
torimpairment, depressed mood, and 
educational underachievement. We 
concluded that the presence of these 
other (neuropsychological) problems 
could obscure an individual patient's 
clinical presentation, leaving him/her, 

+ “appearing clinically more memory 
impaired, even demented, than is ac- 
tually the case.”"P!) Lalonde et al 
appear to have misunderstood our 
article. To say, as they do, that we 
decided that “. . . there are no neu- 
ropsychological disorders in these pa- 
tients . . .” is a gross mischaracter- 
ization of our conclusions. 

Lalonde et al state that some abil- 
ities that we did not measure in pa- 
tients with OPCA may be impaired. 
Thisisa valid point, and we discussed 
this possibility ourselves, stating, 
“amore selective and/or sensi- 
tive measure might reveal an area of 
deficit not observed in the present 
instance.” 11) Although not men- 
tioned by Lalonde et al, we also cau- 
tioned in our article that ours might 
have been a unique sample of the 
larger population of patients with 
OPCA, and we detailed specific in- 
stances of uniqueness that could limit 
the generalizability of our findings. 

« By carefully matching a group of 
Tpatients with OPCA to control sub- 
jects on the basis of age, sex, and (not 
mentioned by Lalonde et al) educa- 
tion level, we were able to demon- 
strate, through direct comparisons, 
that the patients performed more 
poorly than did the control subjects 
only on measures that had a clear, 
albeit face validity, demand for mo- 
tor ability (eg, block design, digit sym- 
bol, verbal fluency, and reaction time 
[as measured with a finger manipu- 
lated telegraph key]). The patients, 
matched in this fashion, actually per- 
formed better than the control sub- 
jects on a delayed verbal recall task 
(Wechsler Memory Scale subtest IV 
percent recall after 30-minute delay). 

Lalonde et al state that we did not 
find a difference in simple and choice 
reaction times between patients with 
OPCA and control subjects. Their 
comment is incorrect, because we 
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did report a significant difference 
between patients and control sub- 
jects in both simple and choice reac- 
tion times (Tables 1 and 2”). We did 
not intend to study specific compo- 
nents of motor behavior, and al- 
though we did look at both simple 
and choice conditions, we did not 
differentiate between reaction and 
movement times. In the comments 
concerning reaction time and move- 
ment time, Lalonde et al cite articles 
that do not address the disturbances 
in OPCA directly, articles based on 
case studies with confounding diag- 
noses, or articles that are unobtain- 
able (eg, the unpublished manu- 
script cited in their letter). 

We also sought to control for mo- 
tor performance and education level 
statistically in a large sample, and we 
chose our specific covariates a priori, 
hypothesizing that aspects of motor 
behavior may be intimately involved 
in the performance of tasks that on 
the surface appear to have few or no 
motor demands. In their letter, La- 
londe et al suggest that we might have 
used other covariates, but they do 
not identify which variables they have 
in mind. 

Lalonde et al suggest that our sta- 
tistical adjustment might have inad- 
vertently obscured “visuospatial” or 
other cognitive deficits. This possi- 
bility should be tested directly, but 
this was not the goal of our study. 
The results that we presented should 
serve to caution others who might 
assume that a given test (including 
those suggested by Lalonde et al; the 
Hooper, the Raven’s) demands no 
motor proficiency or that it is inde- 
pendent of effects of educational 
achievement or mood, simply because 
it is labeled as “visospatial.” 
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The P300 in Patients 
With Temporal Lobe 
Lesions 


To the Editor.— In the recently pub- 
lished article by Nelson et al,! an in- 
triguing P300 amplitude difference be- 
tween patients with left vs right tem- 
poral lobe seizure foci in response to 
stimulation within the right visual 
field is reported. Unfortunately, we 
found that a number of issues critical 
to the interpretation of this finding 
were not sufficiently addressed in the 
article. 

Nelson et al employed a task that 
required the patients to respond by 
button press and mental count to the 
visual presentation of the word “BAT” 
ora set of “Chinese characters.” They 
imply that the task demands language 
processing, but it seems to us that 
such a task can be accurately per- 
formed without relying on language 
processing beyond what is needed to 
count. Moreover, although the stim- 
uli were presented either within the 
left or the right visual fields, it is not 
clear how it was ensured that the pa- 
tients maintained central fixation. This 
is crucial because one cannot simply 
assume that patients remained cen- 
trally fixated, especially given that the 
visual field of stimulation remained 
constant within a block of trials 
(N= 200), stimulus duration was rel- 
atively long (100 milliseconds), and 
the interstimulus interval (ISI) was 
short (500 to 1000 milliseconds). Thus, 
the observed P300 amplitude differ- 
ence cannot be simply attributed to 
either the verbal nature of the task or 
the field of stimulation. 

The interpretation of the findings 
of Nelson et al is further complicated 
by their use of a difference waveform 
(target minus nontarget), which ob- 
scures the source of amplitude dif- 
ferences (ie, they could reflect a 
change in the response to nontargets, 
a change in the response to targets, 
or both). Additional problems include 
the confounding between gender and 
side of lesion (eight of 10 patients 
with right-side lesions were female 
whereas only two of 10 patients with 
left-side lesions were female) and the 
confounding between target type 
(BAT vs Chinese characters), field of 
stimulation (left vs right), and order 
of testing. The latter results from the 
fact that there are 24 possible orders 
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and only 10 patients per group. 
Clearly, the potential exists for higher 
order interactions that cannot be ad- 
equately evaluated from the informa- 
tion given by Nelson et al. 

We would also like to comment on 
the finding that the P300 amplitude 
was not reduced on the side of the 
lesion. Assuming that this was not 
simply due to the use of a difference 
waveform, we believe that it could 
reflect the fact that the authors em- 
ployed a very short ISI (less than 1 
second). In 1989, we reported* that 
patients with unilateral temporal lobe 
lesions had reduced P300 amplitudes 
ipsilateral to the lesion. Our study 
employed an ISI that was relatively 
long and varied between 6 and 10 
seconds. We cited evidence suggest- 
ing that temporal lobe sources may 
contribute more to the scalp P300 am- 
plitude when the ISI is long. We con- 
cluded that a short ISI (ie, less than 2 
seconds) could be a factor in the fail- 
ure of others to observe P300 ampli- 
tude asymmetries at the scalp, even 
though studies with intracranial elec- 
trodes have found diminished activ- 
ity emanating from the damaged side 
in patients with unilateral temporal 
lobe lesions. 

In conclusion, we would like to em- 
phasize the need for continued work 
in this area because, as we have pre- 
viously suggested, and Nelson et al 
similarly argue, the P300 may prove 
clinically useful for the noninvasive 
assessment of temporal lobe function. 
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In Reply.—Daruna and colleagues 
have raised a number of concerns 
about our article, ! to which we would 
like to respond. 
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For reasons that are not described, 
Daruna et al take issue with the claim 
that our task was designed to evalu- 
ate language processing. They sug- 
gest instead that our task could have 
been done by simply counting the 
target stimuli. We disagree. First, as 
we have reported elsewhere? and 
have discussed in our ARCHIVES ar- 
ticle, although using a single word 
(BAT) does not require a high level of 
linguistic processing, doing so does 
not make the task any less linguistic; 
subjects must still have processed 
BAT as a word. Both direct and in- 
direct evidence can be found to sup- 
port this claim. In our previous arti- 
cle,? we reported that neurologically 
normal individuals presumed to be 
left-hemisphere dominant for lan- 
guage and tested exactly the same 
way as our patients showed clear ev- 
idence of a lateralized response to the 
word BAT presented to the left hemi- 
sphere; a lateralized response was not 
observed, however, to the set of Chi- 
nese characters. If only counting (vs 
linguistic processing) was involved, 
such an effect should not have been 
obtained. Second, Petersen etal’ have 
recently reported that real words (eg, 
BOARD) invoked biologic activity (as 
determined by positron emission to- 
mography) that could be clearly dis- 
tinguished from (1) nonwords that 
followed the rules of English spelling 
(eg, FLOOP), (2) orthographically ir- 
regular groups of English characters 
(eg, JVJFC), and (3) strings of letter- 
like false fonts (eg, ]} >|). Specifically, 
only the real words invoked activity 
of the left frontal cortex. These re- 
sults, like those we report with neu- 
rologically normal individuals,* con- 
verge to suggest that our task was, in 
fact, linguistically based. 

A second criticism of our work con- 
cerned our assurances that subjects 
maintained central fixation, without 
which the divided field nature of the 
study would be compromised. Two 
points can be said in this regard. First, 
by using 100-millisecond stimulus 
presentations we felt fairly certain that 
subjects would not have time to ini- 
tiate and complete a saccadic eye 
movement, thereby moving them off 
central fixation. A plethora of research 
by others* supports this assumption. 
Second, we recorded the electro-oc- 
ulogram, and employed a strict elec- 
tro-oculogram artifact rejection rule. 
Thus, if subjects were not fixating the 


stimulus at the onset of a trial, this 
would have been detected and the 
trial would have been rejected. Al- 
though our method may not be fool- 
proof, it is likely adequate. 

Daruna et al also criticize our work 
for using what they perceived to bea 
short interstimulus interval. This in- 
terval, they claim, could have com- 
promised the study at two levels: the 
field of stimulation and the failure to 
find P300 amplitude reduction. ipsi- 
lateral to the seizure focus. Unfortu- 
nately, these authors misread our ar- 
ticle. In brief, we began to record the. 
event-related potential 100 millisec- 
onds before stimulus onset (baseline) 
and continued to record for 1000 mil- 
liseconds after stimulus onset (the 
stimulus itself was presented at time 
0 and lasted 100 milliseconds). The 
interval between trials (ie, the end of 
the recording epoch and the start of 
the next trial, ITI) varied randomly 
between 500 and 1000 milliseconds. 
(Thus, the interval between stimuli, 
ISI—what is being contended by 
Daruna et al—actually varied between 
1400 and 1900 milliseconds). This ITI 
is more than adequate to allow sub- 
jects to return to central fixation 
should they have moved their eyes 
(which, as described above, was mon- 
itored by electro-oculogram). More- 
over, it is extremely unlikely that our 
ITI had any bearing on our findings, 
a claim supported by a variety of para- 
metric studies." 

Daruna et al also criticize our work 
for employing difference waveforms. 


+ 


Pa 


First, it should be noted that the varil 4 


ability that we observed among the 
patient groups was equally present 
across both target and nontarget stim- 
uli, and thus subtracting one from 
the other should have had no bearing 
on the results. Second, difference 
waveforms were employed as an at- 
tempt to reduce variability, which in 
turn would improve our signal-to- 
noise ratio. Finally, because of the 
number of variables entered into our 
statistical analysis, it was deemed best 
to employ a difference waveform to 
eliminate “condition” (target vs non- 
target) as a variable. 

Daruna et al criticize our patient 
groups for being unbalanced with red 
gard to gender. It is impossible to 
control for such factors when con- 
ducting clinical work such as this, so 
we shall not address this criticism. 
They similarly criticize us for coun- 
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terbalancing stimulus type, field of 
presentation, and order of testing. 
As is the case with most work such as 
this, counterbalancing is a necessary 
safeguard against spurious effects in- 
fluencing the findings. It is, in a nut- 
shell, considered paramount in ex- 
perimental psychological and neu- 
ropsychological research. Finally, the 
extent to which higher order inter- 
actions might have been operating 
(as implied by these authors) is an 
intriguing one that we hope to ad- 
dress as we increase the size of our 
patient population. 

The final concern noted by these 
authors pertained to our failure to 
find reduced P300 amplitude over the 
hemisphere containing the epilepto- 
genic focus. It is their contention that 
our ISI contributed to this. As we 
have already discussed, Daruna et al 
misunderstood the ISI that we em- 
ployed; as described herein, we con- 
sidered our ISI to be more than ad- 
equate with regard to “capturing” the 
P300 and slow wave present in the 
waveforms. It is our contention that 
differences may well have existed be- 
tween the healthy and lesioned sides, 
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but that such differences were masked 
by the slow wave activity present in 
the waveforms. Perhaps with an in- 
crease in sample size, such differences 
may ultimately emerge for groups of 
patients, and ideally, for individual 
patients. Whether this proves to be 
the case awaits further study with 
patients examined before undergoing 
surgery. It is this endeavor that is 
currently occupying our attention. 
We would like to offer one final 
comment with regard to the concerns 
about our article expressed by Daruna 
et al. These authors claim that “tem- 
poral lobe sources may contribute 
more to the scalp P300 amplitude 
when the ISI is long.” In the work 
that they cite,° an ISI of 6 to 10 sec- 
onds was employed. Unfortunately, 
details are missing in their report as 
to exactly what task patients per- 
formed. More importantly, however, 
Polich® has demonstrated that P300s 
invoked in oddball paradigms (as 
used by Daruna et al) that employ 
ISIs in excess of 4 to 6 seconds are 
greatly attenuated. Accordingly, the 
amplitude reduction observed by 
these authors may well have more to 





do with the interstimulus interval that 
they employed than with temporal 
lobe lesions. 
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r 1976, Ohman et al’ reported that 
serum prolactin levels rose 10- to 
50-fold in eight of nine depressed 
women 15 minutes following electro- 
convulsive therapy, but not in 
women who were receiving similar 
anesthesia for gynecologic surgery. 
In 1978, Trimble? described the oc- 
currence of prolactin elevations post- 
tictally in patients with epilepsy. 
Since then, evidence has accumu- 
lated to suggest that changes in pro- 
lactin secretion in the setting of epi- 
lepsy are not haphazard, but repre- 
sent predictable and localizable 
alterations in the electrophysiologic 











See also p 225. 





activity of specific cerebral regions 
that modulate endocrine secretion. 
Transient elevations in serum pro- 
lactin levels may occur following 
generalized motor and partial 
seizures.” Peak levels are reached in 
15 to 20 minutes, with a gradual re- 
turn to baseline during the course of 
the subsequent hour.*” Simulated 
seizures are associated with eleva- 
+ tion of serum cortisol levels but not 
serum prolactin levels.*° Postictal 
hyperprolactinemia demonstrates a 
gradient of occurrence in relation to 
seizure type. Wyllie et al demon- 
strated serum prolactin elevations 
following 80% of generalized motor 
seizures, 45% of complex partial sei- 
zures, and only 15% of simple partial 
seizures. Sperling et al,’ with the use 
of depth electrode recordings and 
video monitoring in human epileptic 
subjects, found that a greater than 
twofold prolactin elevation consis- 
tently followed seizures that pro- 
duced intense widespread high- 
frequency mesial temporal lobe lim- 
bic discharges and did not occur with 
seizures that did not involve these 
limbic structures. Electrical stimula- 
tion of the human amygdala, but not 
sham stimulation or stimulation of 
the basal ganglia, has elicited signif- 
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Prolactin: Quo Vadis? 


icant elevations in serum prolactin 
levels. Repetitive seizures are asso- 
ciated with progressively smaller 
and eventually no elevation of pro- 
lactin levels." Prolactin levels do not 
rise after absence seizures” or in sta- 
tus epilepticus, whether convulsive 
or absence." 

In this issue of the ARCHIVES, 
Meierkord et al’ report that postictal 
serum prolactin levels were signifi- 
cantly different between subjects 
with temporal and frontal lobe sei- 
zures. Specifically, an approximately 
twofold rise in prolactin levels at 
10 minutes followed six of eight com- 
plex partial seizures of temporal lobe 
origin, but this rise followed only one 
of eight frontal lobe complex partial 
seizures. The results suggest a po- 
tential role for prolactin measure- 
ments as an adjunct to the clinical 
and electroencephalographic criteria 
used to differentiate between the two 
seizure foci. 

Additional analysis of the data of 
Meierkord et al’* suggests a possible 
additional localizing feature. The 11 
subjects with unilateral right-sided 
interictal _ electroencephalographic 
discharges (median serum prolactin 
level, 187 pmol/L) had significantly 
different (P<.05, nonparametric 
rank-order test) baseline serum pro- 
lactin levels from those in the five 
subjects with left-sided localization 
(365 pmol/L) (Figure). Note is made, 
in particular, that the right-sided in- 
terictal values (112 to 643 pmol/L) ex- 
tended well below and above the 
left-sided range (246 to 445 pmol/L). 
In fact, only three of the 11 right- 
sided values fell within the entire 
range of the left-sided values. 

Our own data’ suggest that in- 
terictal prolactin secretion by treated 
men with epilepsy may be both 
higher and lower than that by normal 
control subjects. With the use of 
15-minute blood samples taken dur- 
ing 8 hours, we found that 13 men 
with complex partial seizures of tem- 
poral lobe origin had greater variabil- 
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A comparison of interictal baseline serum 
prolactin levels between epileptic men 
with unilateral interictal right- and left- 
sided electroencephalographic (EEG) ab- 
normalities (P<.05) (adapted from 
Meierkord et al"). 


ity than eight age-matched normal 
control subjects for measurements of 
mean (+SD) baseline (5.1+3.7 vs 
5.1+2.1 ng/mL, P=.08) and total 
(265+235 vs 210+66 ng/mL hour, 
P<.05) serum prolactin secretion. 
The possibility that these findings 
may be attributable to antiseizure 
medication effects alone seems re- 
mote because abnormally high or 
low levels occurred only among men 
with right-sided paroxysmal dis- 
charges (P = .05). These observations 
suggest a need for further investiga- 
tion of a potential relationship be- 
tween electroencephalographic lat- 
erality, as well as lobar or cyto- 
architectonic origin of seizures, and 
prolactin secretion. 

Prolactin research in neurology 
should also address behavioral is- 
sues. Paroxysmal temporal lobe dis- 
charges may be overrepresented 
among hyperprolactinemic hyposex- 
ual men. Hyposexuality, moreover, 
occurs more commonly in individu- 
als with right-sided temporal lobe 
epilepsy.” The data of Meierkord et 
al* and our own findings suggest 
that right temporal lobe modulation 
of prolactin secretion may lead to ab- 
normally high or low prolactin secre- 
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tion in men with epilepsy. Hyper- 
prolactinemia causes reproductive 
and sexual dysfunction.’*? The ef- 
fects of low prolactin secretion are 
less well known. Although prolactin 
elevations in epilepsy are generally 
less marked than in cases of pituitary 
adenoma in which the association 
between sexual dysfunction and hy- 
perprolactinemia were demon- 
strated,'*? there is evidence to sug- 
gest that individuals with certain 
anomalous brain substrates, includ- 
ing epilepsy, may be unusually sen- 
sitive to reproductive hormonal in- 
fluences.” Research into the 
relationships among right-sided sei- 
zure disorders, prolactin, and sexual 
behavior, therefore, should be eval- 
uated further. 

Another behavioral issue has been 
raised by Dana-Haeri and Trimble”! 
who found that postictal prolactin el- 
evationis significantly greater among 
epileptic men with psychopathology 
than among those without a psychi- 
atric history. Schizophreniform psy- 
chosisis more likely to occur with left- 
sided temporal lobe epilepsy.” 
Some mood disorders and personal- 
ity changes are more likely to occur 
with right-sided discharges.” The 
potential role of prolactin as a marker 
of limbic dysfunction that may poten- 
tiate the development of psychopa- 
thology and the possibility that there 
may be differences in prolactin secre- 
tion in relation to particular forms of 
psychopathology or neuropsycho- 
metric features seems to be a worth- 
while endeavor. 

Finally, prolactin binds to specific 
high-affinity receptor sites on lym- 
phocytes.* It appears to potentiate 
immune responses in rodents,” al- 
though the opposite view has also 
been expressed.” Experimental ani- 
mal investigations suggest a lateral- 
ized asymmetry for brain immuno- 
modulation, such that right cerebral 
hemisphere ablations may affect 
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T- and B-cell-mediated immune re- 
sponses differently than homolo- 
gous left-sided lesions,” and/or 
right cerebral hemisphere influences 
may modulate left hemispheric con- 
trol of immune responses.” The pos- 
sibility that altered prolactin modu- 
lation in epilepsy may be associated 
with immunologic correlates, espe- 
cially if right hemisphere discharges 
could produce more exaggerated up- 
regulation or downregulation than 
left-sided foci, is an intriguing con- 
sideration to investigate. 

ANDREW G. HERZOG, MD, MSc 

Boston, Mass 
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Comparison of the Effects of Frontal and Temporal Lobe 
Partial Seizures on Prolactin Levels 


Hartmut Meierkord, MD; Simon Shorvon, MD, FRCP; Stafford Lightman, MD, FRCP; Mike Trimble, MB, FRCP 


© The acute effects of partial (focal) epileptic seizures on 
serum prolactin levels were studied in two groups of 
patients: (1) 10 with temporal lobe seizures and (2) 11 with 
seizures that arose from the frontal lobes, recorded on ca- 
ble video-electroencephalographic telemetry. Six of the 
eight complex partial seizures of temporal lobe origin were 
associated with a marked rise in prolactin levels at 10 min- 
utes after onset (rise in levels, from a mean of 279 to 534 
mU/L), compared with a rise in only one of the eight frontal 
lobe complex partial seizures. None of the five simple par- 
tial seizures (two of temporal and three of frontal lobe or- 
igin) was associated with a marked rise in prolactin levels. 
This difference in prolactin response following complex 
partial seizures of frontal and temporal lobe origin may help 
in the clinical differentiation of these seizures. A failure of 
prolactin levels to rise does not, however, exclude a diag- 
nosis of complex partial seizures; thus, this measurement 
will not help in the clinical differentiation of frontal lobe 
complex partial seizures from psychogenic attacks. 
(Arch Neurol. 1992;49:225-230) 


P ostictal elevation of serum prolactin levels has been 

found following tonic-clonic seizures,'* resembling 
levels seen after electroconvulsive therapy in the presence 
of complete muscle relaxation.”"' Also, focal epileptic sei- 
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zures of temporal lobe origin have been reported to 
increase prolactin levels.'*"* Prolactin release is under 
both inhibitory and stimulatory control, mediated by 
neuronal systems in the hypothalamus." In animals, the 
ventromedial hypothalamus, and in particular, tuberoin- 
fundibular neurons, receive inputs from mesial temporal 
structures, such as the amygdala."* It has been postulated 
that activation of mesial temporal structures and subse- 
quent spread to the hypothalamus during epileptic sei- 
zures is responsible for raised postictal prolactin levels 
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following temporal lobe seizures.” Seizures of extratem- 
poral origin, particularly those arising from frontal re- 
gions, have recently become an area of interest. ° Fron- 
tal lobe seizures are frequently encountered and may be 
difficult to differentiate from those of temporal lobe origin 
without employing special investigations. 

In this study, we have compared prolactin release in a 
group of patients with frontal lobe seizures andina group 
whose seizures arose in temporal lobe structures. This 
study was undertaken to test the hypothesis that prolac- 
tin secretion immediately following seizures of temporal 
and frontal lobe origin may differ; in which case, mea- 
surement of serum prolactin levels after a seizure may be 
useful in the clinical differentiation of these seizure types; 
also, to correlate clinical and electrographic features with 
prolactin level rises, to shed light on the determinants and 
mechanisms of hormonal release. 


PATIENTS AND METHODS 


Twenty-one patients from a much larger number who under- 
went video-electroencephalographic (EEG) telemetry for clarifi- 
cation of the site of origin of focal epileptic seizures were 
included in this study (Table 1). Each patient suffered from in- 
tractable attacks. There were nine females and 12 males who 
were aged between 17 and 60 years (median age, 28 years). The 
duration of the epilepsy ranged between 1 and 49 years (median 
duration, 13 years). The etiology of seizures was unknown in 14 
patients. Three patients had gliomas, two had mesial temporal 
sclerosis, one had neurofibromatosis, and one had experienced 
seizures following a head injury. None of the patients were 
pregnant, lactating, taking contraceptive pills, receiving anti- 
psychotic or dopamine agonist drugs, or had disease that 
involved the endocrine system. Antiepileptic medication in- 
cluded carbamazepine, valproate sodium, phenytoin, primi- 
done, phenobarbital, clobazam, and vigabatrin, and in five pa- 
tients, the dose of carbamazepine was decreased on the day 
before the recording started. Excluded were patients with an in- 
sufficient number of hormone readings and technically unsatis- 
factory telemetry recordings; patients with generalized or un- 
classifiable seizures, or pseudoseizures, were also excluded. The 
study had the approval of the medical ethics committee of the 
National Hospital for Neurology and Neurosurgery, London, 
United Kingdom. 


Definitions 


The classification of seizures took place before and indepen- 
dently of analysis of serum prolactin levels. Seizures were 
defined according to the criteria (clinical, ictal EEG, and interic- 
tal EEG) of the International League Against Epilepsy classifica- 
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Table 1.—Ictal Features, Sex, EEGs, and Prolactin Levels of Patients Studied* 
Serum Prolactin Level, (mU/L) 


Patient/ Se 


Sex Ictal Clinical Features (Duration, s) EEG, Interictal/Ictal Baseline 10 mint 60 mint 



















Loss of contact, humming, fumbling, Bitemporal SW/bitemporal 280 449 275 
postictal amnesia, confusion (110) theta wave 
2/F Loss of contact, head turning to Bitemporal SW/bilateral 333 690 435 
the L side, postictal amnesia, rhythmic theta wave 


confusion (120) 







3/M Loss of contact, turning of the body Bilateral SW/bilateral SW 151 188 151 
to the L side, postictal amnesia, 
confusion (90) 


4/F Loss of contact, repetitive swallowing, L temporal SW/bitemporal SW 445 873 493 
postictal amnesia, and confusion (90) 


5/M Unpleasant epigastric-raising sensation, L temporal SW/attenuation 246 256 231 
no confusion (10) 





6/M Unpleasant epigastric-raising sensation, R temporal SW/attenuation 290 289 260 
no amnesia, no confusion (10) 






7/M Loss of contact, rubbing of hands, R temporal SW/R temporal SW 187 203 254 
postictal amnesia, confusion (35) 









8/M Loss of contact, repetitive fumbling, L temporal SW/bitemporal 365 567 365 
postictal amnesia, confusion (120) theta wave 
9/M Loss of contact, repetitive head L temporal SW/bitemporal SW 330 993 655 


turning to the L side, fumbling, 
postictal amnesia (70) 


10/F Loss of contact, repetitive lip R temporal SW/R temporal 282 1399 577 
smacking, postictal amnesia, then, bilateral SW 
confusion (30) 






11/M Tonic stiffening of the L arm and R frontal SW/R frontal SW 160 170 161 
then flexion at elbow, minimal 
postictal confusion (60) 


12/F Tonic deviation of eyes to the L R frontocentral SW/R 160 168 166 
side, head turning to the L side, frontocentral SW 
minimal postictal confusion (120) 












13/F L-sided facial twitching, then jerking R frontal SW/bilateral rhythmic 180 180 181 
of the L arm, no amnesia or confusion (10) theta wave 
r 
14/M Head turning to the L side (10) R frontal SW/attenuation 155 170 170 ; 
15/M Deviation of eyes, head turning to R frontal SW/R frontal SW, 112 196 189 
the L side, stiffening of the L arm then bilateral 


and then all 4 limbs, laughter (40) 







16/M Tingling sensation of the L leg (2) R frontocentral SW/attenuation 311 274 247 
17/M Sudden onset of bizarre movements, R frontal SW/onset of R 227 244 181 
dystonic and ballistic in character, frontal, then bilateral 


minimal postictal confusion (55) 


18/F Loss of contact, holds up both Bifrontocentral SW/attenuation 392 406 400 
arms, laughs and cries, stands 
up, sudden cessation, minimal 
postictal confusion (50) 














19/M Axial stiffening, jerky movements of all R frontal SW/bilateral SW, R>L 643 353 410 
4 limbs, cycling movements of the 
legs, minimal postictal confusion (30) 


20/F Fencing posture involving the R arm L frontal SW/bilateral SW, L>R 413 485 394 
and leg, minimal postictal confusion (50) 


21/F Numbness of the R side of the body Bifrontal SW/attenuation 
no amnesia, no confusion (2) 






*EEGs indicates electroencephalograms; SW, slow wave. 
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tions of seizure type and of the epilepsies”! by using standard 
textbook descriptions.” In every case, the seizures, recorded 
by video-EEG cable telemetry, were reviewed by two experi- 
enced observers. Only seizures in which both observers consid- 
ered localization to frontal or temporal structures certain were 
included in the study. The EEG features that were taken into ac- 
count were focal slow waves, spikes or sharp waves, or spike and 
wave; where focal slow activity only was present, it was consid- 
ered to be localizing only when it was marked in degree. Other 
nonspecific EEG changes were not considered to be diagnostic 
or localizing. In all cases, clinical, imaging, and EEG features 
were considered together in assessing localization. This strict 
system of classification undoubtedly resulted in a highly selected 
study group, and patients with frontal or temporal lobe epilepsy 
in whom localization was not absolutely certain were excluded. 
Furthermore, in the group with frontal lobe epilepsy, we did not 
attempt subdivision into the discrete frontal lobe compartments, 
as this was often not possible to achieve with certainty.” 

Interictal surface EEG recordings were made with the use of the 
International 10-20 System. Ictal recordings were carried out in all 
patients, with the use of video-EEG telemetry. Twenty-four chan- 
nels of EEG were stored on videocassette tape, and subsequently, 
they were written out on paper for visual analysis. Ictal features 
were assessed by visual analysis of the videotapes. Durations of 
seizures were assessed by using the following criteria: EEG or 
clinical features were used to define the seizure onset, depending 
on which occurred first. The end of an attack was generally more 
difficult to define, and clinical criteria were mainly used, as pos- 
tictal EEG abnormalities may persist for a considerable length of 
time after cessation of the clinical attack. Intracranial EEG record- 
ings were not used in this study, as sampling problems, partic- 
ularly in frontal lobe regions, may limit their usefulness in the 
generality of cases, and furthermore, the anxiety engendered in 
such recordings may influence hormonal secretion. 


Hormonal Sampling and Assays 


Only daytime seizures were studied as the nocturnal surge of 
prolactin may have interfered with the measurements. All blood 
samples were taken personally by one of the authors (H.M.) who 
spent most of the daytime in the recording room, allowing 
interaction with the patient and additional assessment of ictal 
behavior and postictal confusion and amnesia. Baseline samples 
were obtained mostly after a 24-hour seizure-free interval (in a 
few cases, after a 12-hour seizure-free interval) following the 
studied attack. Ictal and postictal samples were taken as soon as 
possible after the beginning of a seizure and, whenever possible, 
' 5, 15, and 60 minutes following this. At each measurement, 

blood was collected with the use of cooled syringes that were 
kept in a refrigerator in the recording room. The blood was im- 
mediately spun down, divided into appropriate tubes, and 
stored at — 80°C until assayed. The prolactin level was estimated 
by highly sensitive radioimmunoassays that were carried out in 
the laboratory of one of the authors (S.L.), who was blind to sei- 
zure types (the results for each patient are shown in Table 1). 


Statistical Analysis 


Statistical analysis was carried out on two postictal timings. 
Analysis of covariance was used to examine the difference in 
prolactin levels in the two groups at the measurements around 
10 (range, 4 to 10) and at 60 (range, 60 to 83) minutes (henceforth 
referred to as the 10- and 60-minute measurements). Hormone 
readings were log transformed, because they were not normally 
distributed. The estimations of differences between the two 
groups were then transformed back to the original scale to pro- 
vide a ratio of prolactin levels for temporal lobe seizures as op- 
posed to frontal lobe seizures (at baseline, compared with 10 and 
60 minutes) and an associated 95% confidence interval. Correla- 
tions were sought between the rise in serum prolactin levels and 
the following variables: sex, the duration of seizures, the site and 
extent of EEG disturbance, the presence or absence of spikes, 
and clinical features. The SAS package was used for calculations. 


Arch Neurol—Vol 49, March 1992 


—SS= porwr- 


RESULTS 

At least two (range, two to six) of each patient's habit- 
ual attacks were recorded during the video-EEG teleme- 
try session. One habitual attack from each patient was 
chosen from each patient (blind to the results of the hor- 
monal estimations). Of the 21 cases, seizures in 10 arose 
from temporal regions, and seizures in 11 arose from 
frontal lobes. There were six males in each group. Ictal 
clinical, ictal, and interictal EEG features of the patients 
included in this study are summarized in Table 1. Eight 
of the temporal lobe cases were complex partial seizures 
(Nos. 1 through 4 and 7 through 10), and eight of the 
frontal cases (Nos. 11, 12, 14, 15, and 17 through 20). Two 
(Nos. 5 and 6) of the 10 temporal lobe seizures were iso- 
lated aurae (these were the usual aurae that preceded the 
patient’s habitual complex partial attacks), and two (Nos. 
16 and 21) of the frontal lobe seizures (in both, consisted 
of sensations in the contralateral limbs that were the usual 
aurae that preceded the habitual dystonic posturing of the 
leg [in No. 16] and by four-limb jerking [No. 21]). One 
frontal lobe seizure was a simple partial attack of jackso- 
nian type (No. 13). The ictal clinical features differed in the 
two groups; most patients (Nos. 11, 13, 15, and 17 through 
20) with frontal seizures had prominent motor automa- 
tisms, and in temporal lobe seizures, alimentary (Nos. 4 
and 10) and gestural (Nos. 1 and 7 through 9) automatisms 
prevailed. 

The median duration of seizures in the group with 
temporal lobe seizures was 70 seconds (range, 10 to 120 
seconds), and in the group with frontal lobe seizures, it 
was 35 seconds (range, 2 to 120 seconds). 

In the group with temporal lobe seizures, interictal EEG 
abnormalities were seen on the left side in four patients, 
on the right side in three patients, and bilaterally in three 
patients. Ictal EEG features were seen bilaterally in seven 
patients and on the right side in one patient, and two pa- 
tients had ictal EEG attenuation only. 

In the group with frontal lobe seizures, interictal abnor- 
malities were seen in two patients on the left side, six pa- 
tients had predominantly right-sided abnormalities, and 
in two patients, these showed a frontocentral emphasis. 
One patient had bilateral abnormalities. Ictal EEG features 
were seen on the right side in one patient, five patients had 
bilateral features, four patients showed attenuation, and 
one patient had frontocentral abnormalities. 

Figures 1 and 2 show the rises in prolactin levels in the 
patients with temporal and frontal lobe seizures. Six of the 
10 temporal lobe seizures and one of the 11 frontal lobe 
seizures showed a marked increase in prolactin levels. 
Table 2 gives the (geometric) means and differences of 
prolactin levels. These were similar at baseline in the two 
groups, and were unchanged at 10 and 60 minutes, in the 
group with frontal lobe seizures. In the group with tem- 
poral lobe seizures, the means at 10-minute measure- 
ments were about twice that of the baseline levels (signif- 
icantly different) and were still above baseline values at 
the 60-minute measurements. 

The six temporal lobe attacks and the single case of a 
frontal lobe attack that were associated with an elevation 
of prolactin levels were complex partial seizures. No 
change was seen following any of the five simple partial 
seizures (two temporal and three frontal). The patient with 
the most pronounced prolactin response (No. 10) had a 
temporal lobe seizure that consisted of loss of contact and 
a brief automatism, lasting 30 seconds, andan initially uni- 
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Fig 1.—Prolactin levels at baseline, less than 10 minutes (range, 4 to 
10 minutes), and greater than 60 minutes (range, 60 to 83 minutes) 
following temporal lobe seizures; 0 on the horizontal axis indicates 
baseline prolactin levels. 












Table 2.—Means (Geometric) and Differences of 
Serum Prolactin Levels at Baseline and 10 and 60 
Minutes After the Onset of 10 Temporal Lobe and 11 
Complex Partial Seizures* 






Serum Prolactin Level, mU/L 
aeKaacGwrw 0 


Baseline 10 min 60 min 
















Temporal lobe seizures 279 534 326 


Frontal lobe seizures 253 252 253 





*A ratio of the means of the serum prolactin levels following tem- 
poral lobe seizures to those following frontal lobe seizures was 
determined. Ratio (10 minutes)=1.9 (95% confidence intervals, 
1.30-2.9); P=.003. Ratio (60 minutes) =1.3 (95% confidence inter- 
vals, 0.98-1.6); P= .065. 


lateral EEG disturbance (interictally and at the ictal onset). 
The two patients with temporal lobe complex partial sei- 
zures without prolactin elevations (Nos. 3 and 7) showed 
no striking differences from the other six, with regard to 
the clinical semiology, EEG findings, or seizure duration. 

In the group with frontal lobe seizures, only patient 15 
demonstrated an increased postictal prolactin level (to 
about twice that of the baseline values). The clinical and 
EEG features of this patient were not strikingly dissimilar 
from others in the group with frontal lobe seizures who 
showed no rise in prolactin levels. 

There was no relation between duration of seizures and 
maximal serum prolactin levels in the group with tempo- 
ral lobe seizures; the highest prolactin level was found in 
a seizure of only 30 seconds’ duration, and levels below 
800 mU/L were found in four of the longest seizures and 


228 Arch Neurol—Vol 49, March 1992 





2000 


1500 


Prolactin Level, mU/L 
8 
=] 





500 


o 10 20 30 40 50 “60:7080 90 


Baseline Level 











Fig 2.—Prolactin levels at baseline, less than 10 minutes (range, 4 to 


10 minutes), and greater than 60 minutes (range, 60 to 83 minutes) “™ 


following frontal lobe seizures; 0 on the horizontal axis indicates 
baseline prolactin levels. 
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Fig 3.—Relationship between log-transformed baseline prolactin 
levels and log-transformed postictal prolactin levels (mU/L) in the 
two groups. Circles indicate temporal lobe seizures; triangles, 
frontal lobe seizures. The graph shows that patients with the high- 
est postictal prolactin levels also had the higher baseline levels.| | 


in three of the shortest seizures. There was no significant 
difference in prolactin level rises, either in the group with 
temporal lobe seizures alone or in all the patients com- 
bined, when correlated to the following features: duration 
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of seizures, patient’s sex, unilateral or bilateral ictal EEG 
features, and the presence or absence of EEG spiking. 
Patients with temporal lobe epilepsy in whom the prolac- 
tin level rose least postictally tended to have lower base- 
line levels initially (Fig 3). 


COMMENT 


An epileptic seizure may be regarded as a transient in- 
trinsic electrical stimulation of the brain, and the part of 
the brain involved varies in different seizure types. Neu- 
rohormones may be used as markers that indicate electri- 
cal stimulation of certain neuronal networks that are re- 
sponsible for their release, entirely independent from 
their biologic functions. 

The results of the current study showed that there was 
a significant difference in prolactin levels at 10 minutes 
after onset between the patients with complex partial sei- 
zures that arose in frontal lobe and temporal lobe struc- 
tures. The elevations that were seen following complex 
partial seizures of temporal lobe origin were similar to 
those described by others*'?“# but less uniform than those 
reported by Pritchard et al. There were no significant 
differences between females and males, nor between pa- 
tients with unilateral and those with bilateral ictal abnor- 
malities. The latter findings are in keeping with the results 
of Pritchard et al’? and Laxer et al.? Simple partial seizures 
were not associated with any ictal rise in prolactin level 
rises, in cases with either temporal or frontal lobe sei- 
zures. In two patients with temporal lobe complex partial 
seizures, no postictal rise in prolactin was seen, but these 
two did not differ markedly with regard to any of the 
clinical or EEG features that were studied from other pa- 
tients with temporal lobe complex partial seizures, in 
whom rises were noted. 

It has been suggested that seizure duration may be re- 
lated to the level of postictal prolactin elevations,” but 
our results failed to confirm this hypothesis (Fig 3). Inter- 
estingly, postictal prolactin elevations tended to be higher 
in patients who had higher baseline levels (Fig 3). This 
may indicate differences in background dopaminergic in- 
hibitory tone that we presume to be overcome by the 
„sudden ictus-related release of prolactin and releasing 
factor(s), such as vasoactive intestinal polypeptide. The 
type of EEG change (ie, spiking vs slow activity) did not 
prove to be useful in differentiating which cases of fron- 
tal or temporal lobe seizures would result in prolactin el- 
evations, although numbers were too small to exclude a 
small influence. 

Various mechanisms and routes of propagation of dis- 
charges from temporal lobe to hypothalamic structures 
have been suggested. Parra et al* performed amygdala 
stimulation in humans with depth electrodes, and in- 
creased prolactin levels were described following stimu- 
lations below the after discharge threshold, suggesting 
the amygdala contained a “fine control mechanism” for 
regulating prolactin secretion. Others,” however, could 
not confirm these findings, but described a prolactin rise 
that only followed stimulations above the after discharge 
threshold. One conclusion of these data was that spread 
ato septal and tegmental regions rather than direct prop- 
agation from the amygdala to the hypothalamus was the 
neurophysiologic basis of this phenomenon. Stimulation 
of various frontal sites, such as the anterior cingulate gy- 
rus, orbitofrontal cortex, and supplementary motor cor- 
tex, did not increase prolactin levels,?!” a finding in 
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keeping with the results of the current study of sponta- 
neous frontal seizures. 

A failure to increase postictal prolactin levels certainly 
does not exclude the diagnosis of epilepsy. In addition to 
our finding of unaltered prolactin levels in most complex 
partial seizures of frontal lobe origin and some of tempo- 
ral lobe origin, and after simple partial seizures, a similar 
failure to change has been noted after absence seizures 
and status epilepticus.” Repetitive seizures even have 
been reported to decrease prolactin levels.” The effects of 
EEG epileptiform discharges are controversial.3! 

The striking difference in postictal prolactin levels is 
surprising, as propagation from frontal to temporal lobe 
structures along several pathways has been described,” 
and no doubt, such propagation occurred in some of our 
cases of frontal lobe seizures. In fact, only one case of 
frontal lobe seizure (No. 15) showed a postictal elevation 
of prolactin, although in some cases, symptoms sugges- 
tive of temporal lobe spread was noted. It seems possible 
therefore that frontal lobe seizure discharges that spread 
to temporal lobe structures are transmitted forward to the 
hypothalamic area either via different routes or at differ- 
ent intensities compared with seizures that arise in mesial 
temporal regions; whatever the explanation, a clear dis- 
tinction in postictal prolactin release is seen. This obser- 
vation is thus of considerable theoretic interest, and it 
should be incorporated in any hypothesis that is con- 
cerned with elucidating seizure spread. 

The results of the current study suggest a practical use 
of prolactin levels, as an adjunct in helping to differenti- 
ate complex partial seizures of temporal lobe origin (a rise 
in six of eight cases) from those of frontal lobe origin (a rise 
in one of eight cases); this is a problem that is frequently 
encountered in presurgical evaluation and one that often 
requires time-consuming, expensive, and invasive inves- 
tigations.” Our numbers were small, however, and more 
work is needed to confirm these observations, perhaps 
concentrating on those complex partial seizures where the 
clinical semiology show features of both frontal and tem- 
poral activation, and also to establish the specificity and 
sensitivity of this observation. Also, we did not subdivide 
the frontal lobe seizures by their origins in different fron- 
tal lobe compartments, and it is possible that differential 
effects would be noticeable from these different anatom- 
ical areas. 

In this program of research, we also noted that pseu- 
doseizures did not increase prolactin levels, confirming 
the observations of others.!°"#%° This type of nonepi- 
leptic paroxysmal event is often most difficult to differen- 
tiate from frontal lobe epilepsy.'*!**° Unfortunately, our 
data suggest that prolactin as a biochemical marker will 
not be help in resolving this clinical problem. 
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Value of the Electroencephalogram in Adult Patients With 
Untreated Idiopathic First Seizures 
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© We prospectively studied the reliability and accuracy of 
the electroencephalogram as a predictor of the risk of 
recurrence within 2 years in 157 patients with untreated 
idiopathic first seizures. In all patients, a standard electro- 
encephalogram and, if necessary, an electroencephalogram 
after partial sleep deprivation were obtained. All electro- 
encephalograms were scored by one observer according to 
a fixed protocol. The finding of epileptic discharges was as- 
sociated with a risk of recurrence of 83% (95% confidence 
interval, 69% to 97%) vs 41% (95% confidence interval, 
29% to 53%) in patients with nonepileptic abnormalities 
and 12% (95% confidence interval, 3% to 21%) in patients 
in whom both electroencephalograms were normal. The 
sensitivity proved to be 48%. Interobserver agreement 
among four neurologists, who independently read 50 elec- 
troencephalograms, was found to be moderate. Predictive 
value for each observer, however, was good. We conclude 
that electroencephalogram findings may play a role in the 
decision to initiate or delay treatment after an idiopathic 
first seizure. 
(Arch Neurol. 1992;49:231-237) 


Ng jens of patients with idiopathic first seizures is a 

controversial issue.’ Electroencephalogram (EEG) 
findings may be of value in predicting the risk of recur- 
rence and might be used in deciding to initiate or withhold 
treatment with antiepileptic drugs.* 

The usefulness of such a diagnostic tool depends on its 
reliability (interobserver variation, consistency, and pre- 
cision) and validity (accuracy).* Investigations of consis- 
tency of visual EEG interpretation have focused on items 
not relevant to treatment of patients with first seizures.*” 
Studies on the predictive value of the EEG concerning the 
tisk of recurrence have shown contradictory results. 13 
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We performed a prospective, multicenter, hospital- 
based study of the course of idiopathic first seizures." A 
standard EEG was obtained in all patients, as was an EEG 
after partial sleep deprivation unless the first EEG showed 
epileptic discharges. 

In this study, we present data on the interobserver 
agreement between four neurologists who independently 
read 50 EEGs. In addition, we present details on the ac- 
curacy of the EEG as a predictor of the risk of recurrence 
within 2 years in 157 patients. 


PATIENTS AND METHODS 
Patients 


From March 1986 to March 1988, we prospectively studied 165 
consecutive patients aged 15 years or more witha clinically pre- 
sumed idiopathic first seizure, who were referred to one uni- 
versity and three general hospitals. Diagnosis was based on the 
description of the episode according to prespecified, simple, de- 
scriptive criteria with verified reliability and accuracy. Details of 
the population studied and the admission procedure have been 
published before. +16 

The mean age was 38 years (range, 15 to 85 years); 59% of the 
patients were male. The mean interval between the first seizure 
and visit to the hospital was 6.7 days (range, < 24 hours to 3 
months); 53% were seen within 24 hours. Ninety-eight percent 
suffered a generalized tonic-clonic seizure. These seizures were 
not subclassified, since the reliability and accuracy of such a cat- 
egorization is too poor to be clinically useful.” Computed to- 
mography was performed in 162 patients. 

We excluded eight patients: one in whom no EEGs were ob- 
tained because the CT scan showed metastases; three patients 
who were treated immediately; and four patients who experi- 
enced a recurrence within 24 hours (computed tomographic 
scanning revealed a tumor in one and a transient hypodensity 
[“vanishing tumor”] in another patient). 

The remaining 157 patients were not treated with antiepilep- 
tic drugs unless they suffered a second seizure. All patients were 
followed up for 1 to 2 years. Two patients became unavailable for 
follow-up after 1 and 20 months, respectively. Eight patients 
died of causes unrelated to epilepsy. 


EEGs 


All EEGs were recorded on 16- to 21-channel machines with 
both referential and bipolar recordings by means of the interna- 
tional 10-20 electrode placement system. In all patients, a stan- 
dard EEG was made with hyperventilation for 3 minutes and in- 
termittent photic stimulation. We also obtained a sleep- 
deprivation EEG. This latter registration took place early in the 
afternoon after a maximum of 5 hours of sleep the night before. 
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and EEG After Partial SI 


Table 1.—Agreement Among Four Observers on Final Conclusions of Standard fernen 
e (Yes, 
and Four-Point 


Observed 
Agreement 


Chance 
Agreement 


Deprivation (n=25) With Dichotomous Scal 
e (Certain, Probable, Possible, Improbable) 


Dichotomous Scale 


gram (EEG) (n=25) 
0) ite 


4-Point Scale 





Normal findings 
Standard EEG 
Sleep-deprivation EEG 
50 EEGs 


Epileptic discharges 
Standard EEG 
Sleep-deprivation EEG 
50 EEGs 


Paroxysmal abnormalities 
Standard EEG 
Sleep-deprivation EEG 
50 EEGs 


Nonparoxysmal abnormalities 
Standard EEG 
Sleep-deprivation EEG 0.87 
50 EEGs 0.81 


*Range of k values for pairs of observers. 
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Fig 1.—Flectroencephalogram showing considerable muscle artifacts in the frontotemporal areas. The discharges in the right temporal area 
could be spikes or muscle potentials (time constant, 0.6 second; low-pass filter, 70 Hz). 


If the first EEG showed epileptic discharges, one was allowed to 
cancel the second EEG. 

All EEGs were rated according to a fixed protocol describing 
and classifying the main graphic elements with emphasis on oc- 
currence of polyspikes or polyspike-wave complexes. The fol- 
lowing final conclusions had to be made: normal (yes or no); if 
abnormal, epileptic discharges (yes or no), abnormalities other- 
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wise paroxysmal (yes or no), or abnormalities nonparoxysmaAl 
(yes or no). A 

Each conclusion was also classified as certain (>80%), proba- 
ble (51% to 80%), possible (20% to 50%), or improbable (<20%). 
Percentages indicate the observer's degree of certainty of a par- 
ticular conclusion. Epileptic discharges were subclassified as 
generalized or focal epileptic discharges with or without sec- 


EEG in Adults With Idiopathic First Seizures—van Donselaar et al 











Co-C3 Att ae A ay nA TA tna, PIAA Ro ONES) per PO Ayala A arg Nereida Lent 


mi Aa Aineina rpad fines pt NAL tl pal et le at ANA ANAA A af fated oP WNW rN Van MARU AN Vin sary 
Yay Ny aan is PAM IR a pens itary nent renner YN ened WM i ter AVM AAA WANA Mon ar nel V\ pean pret 


MAW rs en ar 





rate ues PN a Img, pra Atri Mn tense e 


moran yor VAN I penned na tenn alanine iris Ava) AAAA A AAN 
Pp-O2 ai tiai li W i WW iin Wi Wy inna, MANN viw MAAM VAN yay Nn WAM ined aM, Vin ay 


QA ete ANY Merman perme da n | Nayar rt Aa rin al A, DAV atm nen un Vaan da tay yam 


neering dA SOA Voatid NV 9 Prada! WARN Nn Le pan are pn a Nigar NSP per YIAN AN AN A, AAN N 


v anne UUM Aaina S A AANA ro NALA NIAAA NN N a nA NAM a 
AVN Wandin WU Wri PKA etre ny MUAY nel rene IAA PRA Ni neta nM N 


A Mt Mine ecanm Al NAAN RM IAN AA Re trata \ AAA 1 s 















50V 
-A am AA VAARA An NA as vy 





Fig 2.— Possible spike discharge (time constant, 0.6 second; low-pass filter, 70 Hz). 


ondary generalization. Sleep stages were scored as superficial 
(sleep stages I and II) or deep (sleep stages III and IV). 

One observer (R.-J.S.), who had no access to clinical informa- 
tion, coded all EEGs. We took a stratified sample from the dif- 
ferent categories consisting of 25 standard EEGs and 25 sleep- 
deprivation EEGs. Three other neurologists, who were not 
aware of the stratification policy, read these EEGs independently 
with the use of the same protocol that was discussed in advance 
briefly. Two of the participating neurologists worked in the same 
epilepsy center and two in the same university hospital. All ob- 
servers were experienced clinical neurophysiologists. 


Statistics 


To correct for agreement due to chance, we used x statistics to 
assess interobserver variability.'!°*! To take into account the ex- 
tent of disagreement, we also calculated weighted k? with the 
use of quadratic observer weights. To analyze the risk of recur- 
rence, we used survival techniques (Kaplan-Meyer).” Length of 
follow-up was determined by the time of entrance into the study 
and varied from 1 to 2 years. The “censored” survival time was 
the interval from entrance into the study to the last scheduled 
follow-up visit for those patients who did not suffer a recurrence. 

Paroxysmal and nonparoxysmal abnormalities were taken to- 
gether as nonepileptic abnormalities to assess the predictive 
value regarding the risk of recurrence. 


RESULTS 
Interobserver Study 


With regard to whether the EEGs were normal or 
abnormal, a group « of .45 was found (Table 1). Slightly 
better results were found for the presence or absence of 
epileptic discharges (group «x, .50). Agreement rates on 
the presence of paroxysmal vs nonparoxysmal abnormal- 
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ities were lower, with group x values of .33 and .44, re- 
spectively. Use of the four-point scale (certain, probable, 
possible, and improbable) instead of the dichotomous 
scale (yes or no) resulted in higher weighted group K 
values for three of the four categories. 

Disagreement on the presence of epileptic discharges 
was caused by the following (Figs 1 through 3): distinc- 
tion between spikes and fast sharp beta activity or sharp 
transients during wakefulness (6 EEGs); interpretation of 
bursts of focal theta or delta activity mixed with sharp 
beta or alpha transients (5 EEGs); and differentiation of 
isolated spikes from artifacts (4 EEGs). Three times there 
was disagreement on interpretation of sharp activity on 
the vertex during drowsiness and once on interpretation 
of spikes as epileptic discharges or drowsiness phenom- 
ena, including nonspecific small spikes. One observer, 
unlike the others, came to a final conclusion of epileptic 
discharges in one case on finding a single spike. 

In eight standard EEGs and in 10 sleep-deprivation 
EEGs, at least two observers diagnosed epileptic dis- 
charges, leading to 58 duplicate observations of epileptic 
discharges. They agreed 35 times (23 generalized and 12 
focal epileptic discharges) and disagreed 23 times on the 
type of epileptic discharges. One observer classified ep- 
ileptic discharges far more often as generalized and 
caused 18 of the 23 disagreements. 

Distinction of paroxysmal from nonparoxysmal abnor- 
malities proved to be another reason for disagreement. 
For example, there was disagreement as to whether focal 
delta activity during 80% of the recording should be in- 
terpreted as a paroxysmal ora nonparoxysmal abnormality. 
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Fig 3.— This spike-wavelike discharge in the left centrotemporal area was the only abnormality in the registration. It was considered an ar- 
tifact by two neurologists; the other two considered it an epileptic discharge (time constant, 0.6 second; low-pass filter, 70 H2). 


Accuracy 


The standard EEG showed epileptic discharges in 19 
patients, 18 of whom experienced a recurrence within 2 
years (Fig 4, Table 2). One patient was censored after 18 
months as scheduled at entry into the study, resulting in 
a cumulative recurrence rate at 2 years of 100% (approx- 
imate 95% confidence interval [CI], 74% to 100%). The 
standard EEG showed nonepileptic abnormalities in 70 
patients, of whom 42% (95% Cl, 30% to 54%) suffered 
second seizures, and was normal in 68 patients, of whom 
25% (95% CI, 14% to 35%) experienced a recurrence. 

Computed tomographic scanning unexpectedly 
showed clinically relevant structural abnormalities in an 
additional four patients (the abnormalities were three tu- 
mors and one arachnoid cyst). Exclusion of these patients 
did not influence recurrence rates (100%, 40%, and 25%). 

A sleep-deprivation EEG was obtained in 134 of the 138 
patients in whom the standard EEG did not show epilep- 
tic discharges. Three patients did not sleep during the 
registration, 98 reached superficial sleep, and 33 reached 
deep sleep. Nineteen additional patients with epileptic 
discharges were identified, of whom 12 (64% [95% CI, 
42% to 87%]) suffered a recurrence within 2 years (Fig 5, 
Table 3). A sleep-deprivation EEG, obtained in 11 patients 
in whom the standard EEG showed epileptic discharges, 
duplicated these findings in 10 patients. 

If both EEGs were normal, the recurrence rate at 2 years 
was 12% (95% CI, 3% to 21%), rising to 83% (95% CI, 69% 


234 Arch Neurol—Vol 49, March 1992 


Epileptic Discharges 


Nonepileptic Abnormalities 


Recurrence, % 





3 6 9 12 15 18 21 24 
Time, mo 


Fig 4.— Cumulative recurrence rates based on standard electroen- 
cephalogram findings in 157 patients with idiopathic first seizures. 


to 97%) if one or both EEGs showed epileptic discharges 
(Fig 6, Table 4). The presence of nonepileptic abnormal- 
ities in one or both registrations was associated with a risk 
of recurrence of 41% (95% CI, 29% to 53%). The recurrence 
rate in cases of focal epileptic discharges (15 patients) was 
somewhat higher than that for generalized epileptic dis- 
charges (23 patients) (87% vs 78%, respectively). 

The standard EEG showed epileptic discharges in 18 of 
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- Table 2. 








Epileptic discharges 


Recurrence, % 0 74 
95% Cl, % oe 54-94 
Patients at risk, No. 19 5 
Recurred/censored, No. 14/0 
Nonepileptic abnormalities 
Recurrence, % 0 30 
95% Cl, % re 19-41 
Patients at risk, No. 70 49 
Recurred/censored, No. 21/0 
Normal findings 
Recurrence, % 0 15 
95% Cl, % ate 6-23 
Patients at risk, No. 68 57 
Recurred/censored, No. 10/1 


*EEG indicates electroencephalogram; Cl, confidence interval. 




























76-100 76-100 74-100 
2 1 0 
3/0 0/1 1/0 
37 40 42 
26-48 29-52 30-54 
44 36 22 
5/0 2/6 1/13 
18 25 25 
9-27 14-35 14-35 
55 37 17 
2/0 4/14 0/20 





Table 3.—Cumulative Recurrence Rates Based on Partial Sleep-Deprivation EEG Findings — 
in 134 Patients With Idiopathic First Seizures* 


Time, mo 








Epileptic discharges 
Recurrence, % 0 42 


95% Cl, % ae 20-64 
Patients at risk, No. 19 11 
Recurred/censored, No. 8/0 
Nonepileptic abnormalities 
Recurrence, % 0 29 
95% Cl, % ear 15-42 
Patients at risk, No. 42 30 
Recurred/censored, No. 12/0 
Normal findings 
Recurrence, % 0 14 
95% Cl, % ens 6-22 
Patients at risk, No. 73 62 
Recurred/censored, No. 10/1 


63 patients who suffered a recurrence (sensitivity, 29%). 
Sensitivity of the combined EEGs was 48%. In 93 of the 94 
seizure-free patients, the standard EEG did not show ep- 
ileptic discharges (specificity, 99%). Specificity of the 
combined EEGs was 91%. 

In the first part of our study, we investigated interob- 
server agreement between four neurologists, enabling us 
to compare “success rates” for each observer. Epileptic 
discharges were diagnosed in 10, 13 (R.-J.S.), 17, and 20 
EEGs, respectively; recurrence rates were 90%, 100%, 
82%, and 75%; and sensitivities were 35%, 50%, 54%, and 
58%, respectively. 


COMMENT 


* Our study showed that visual EEG interpretation in 
patients with first epileptic seizures is subject to substan- 
tial interobserver variation. Fixed criteria for the clinical 
significance of a given x value are lacking, and prevalence 
of a disease or positive test result influences x statistics.?™ 
Agreement on occurrence of epileptic discharges as found 
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47 64 64 
25-70 42-87 42-87 
10 6 2 
1/0 3/1 0/4 
36 41 41 
21-50 26-56 26-56 
27 23 14 
3/0 2/2 0/9 
18 19 22 
9-27 10-29 12-32 
59 44 23 
3/0 114 1/20 


“EEG indicates electroencephalogram; Cl, confidence interval. Standard EEGs in these patients did not show epileptic discharges. 
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3 6 9 12 15 18 21 24 
Time, mo 
Fig 5.—Cumulative recurrence rates based on partial sleep- 
deprivation electroencephalogram findings in 134 patients with id- 
iopathic first seizures. The standard electroencephalograms did not 
show epileptic discharges. 
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in our study may be considered moderate and certainly 
needs improvement. One should realize, however, that 
although the four observers did not always classify the 
same EEGs as “epileptic,” conclusions of epileptic dis- 
charges were associated for each observer with a high risk 
of recurrence. 

We deliberately discussed the protocol and definitions 
only roughly in advance. Our study merely reflects 
everyday practice differences. We restricted items studied 
to “crude” final conclusions, as these might be used to 
decide to initiate treatment with antiepileptic drugs. 

Differences in interpretation could not be resolved into 
one item on which opinions differed repeatedly. In retro- 
spect, use of the categories paroxysmal and nonparoxys- 
mal for classifying nonepileptic abnormalities proved to 
be an unfortunate choice. In our opinion, it is difficult to 
define these categories unambiguously. 

Former studies on reliability of EEG assessment usually 
concerned EEGs obtained in psychiatric patients for 
screening purposes. The « values varied from .54’ to .73° 
on a normal-abnormal dichotomy and from .78 to .86 on 
a trichotomy of normal, paroxysmal abnormal, or non- 
paroxysmal abnormal.* These investigations, however, 
concerned populations not comparable with ours. 

Occurrence of epileptic discharges was associated with 
a high risk of recurrence, whereas nearly half of the pa- 
tients who would suffer second seizures could be identi- 
fied by the combination of a standard EEG and a sleep- 
deprivation EEG. We cannot assess whether it might be 
sufficient to obtain only a sleep-deprivation EEG instead 
of a standard EEG, since for ethical reasons we did not 
obtain sleep-deprivation EEGs in all those patients in 
whom the standard EEG showed epileptic discharges. 
The finding of epileptic discharges in 11 standard EEGs 
was duplicated, however, 10 times in the sleep- 
deprivation EEGs. 

Our findings are better than those of Hauser et al and 
Annegers et al,! who found that risk of recurrence was 
almost doubled if the EEG showed epileptic discharges as 
opposed to normal findings. In both studies, the major- 
ity of patients were treated with antiepileptic drugs, 
which might have suppressed recurrence rates. Con- 
versely, Hopkins et al did not find any relationship be- 


tween EEG findings and risk of recurrence. In the last 
study, incidence of epileptic discharges was much higher 
than in our study (27% vs 12% for the standard EEG), 
whereas overall recurrence rates were quite similar (45% 
vs 41% at 2 years). This suggests that a more liberal def- 
inition of epileptic discharges was used and might explain 
these diverging results. 

The clinical significance of our findings depends on the 
policy toward treatment of a first seizure. In our country, 
the standard policy is to “wait and see,” thus avoiding 
unnecessary treatment. Our results indicate that it might 
be worthwhile to consider treating those patients in 
whom the EEG showed epileptic discharges. As the 
recurrence rate in these patients is very high, immediate 
treatment would mean that none or only a small minority 
of patients would be treated unnecessarily, whereas im- 
mediate treatment might lead to better treatment results A 
in the long term. +% 

In other countries, such as the United States, the ma- 
jority of patients receive treatment with antiepileptic 
drugs immediately. Our study showed that the risk of re- 
currence was only 12% if both EEGs were normal and 41% 
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Fig 6.— Cumulative recurrence rates based on combined findings on 
standard and partial sleep-deprivation electroencephalograms ige 
157 patients with idiopathic first seizures. d 


Table 4.—Cumulative Recurrence Rates Based on Standard and Partial Sleep-Deprivation EEGs Combined 
in 157 Patients With Idiopathic First Seizures i 


Time, mo 





Epileptic discharges 
Recurrence, % 
95% CI, % 
Patients at risk, No. 
Recurred/censored, No. 


Nonepileptic abnormalities 
Recurrence, % 
95% CI, % 
Patients at risk, No. 
Recurred/censored, No. 


Normal findings 
Recurrence, % 
95% CI, % 
Patients at risk, No. 
Recurred/censored, No. 


*EEGs indicates electroencephalograms; Cl, confidence interval. 
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if nonepileptic abnormalities were found. One must con- 
sider whether the benefits of immediate treatment (not 
absolutely proved)'** in this group of patients counter- 
balance the disadvantages, consisting of unnecessary 
treatment of the large majority of patients, who would not 
experience a second seizure without treatment. In our 
view, risk of recurrence in this group of patients is too low 
to warrant immediate treatment irrespective of its possi- 
ble advantages. 

The moderate reliability of visual EEG interpretation 
certainly requires improvement and makes extrapolation 
of our findings hazardous. The good predictive value for 
all four observers despite the considerable interobserver 
variation, however, illustrates that the EEG is a poten- 
tially accurate instrument to predict the risk of recurrence. 
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A Prospective Study of Depression and Immune 
Dysregulation in Multiple Sclerosis 


Frederick W. Foley, PhD; Ute Traugott, MD; Nicholas G. LaRocca, PhD; Charles R. Smith, MD; 
Karen R. Perlman, PhD; Lauren S. Caruso, MS; Labe C. Scheinberg, MD 


@ This study examined psychologic distress and immune 
function in patients with chronic-progressive multiple scle- 
rosis participating in a placebo-control trial of cyclosporine. 
Immune measures included percentages and absolute num- 
bers of CD2+, CD4+, CD8+, Leu-11-b+, HLA-DR (IA+), 
and transferrin-receptor-positive cells, which were evalu- 
ated by immunofluorescence using monoclonal antibodies. 
Distress was measured with self-report scales. The Ex- 
panded Disability Status Scale assessed neurologic disabil- 
ity. Subjects were followed up for 2 years, and their high- 
depressed and low- depressed times were compared. Times 
of greater depression were associated with lower CD8+ cell 
numbers and CD8+%, and a higher CD4/CD8 ratio. CD4+ 
cell numbers and percent were also higher when subjects 
were depressed, but only in the placebo group. There were 
no differences in Expanded Disability Status Scale when 
subjects were more depressed. Evaluation of a single subject 
revealed that la+ and transferrin-receptor-positive lympho- 
cytes increased 3 months before distress increased. It was 
concluded that distress is associated with immune dysreg- 
ulation in multiple sclerosis, although the mechanisms of 
this association have yet to be delineated. 
(Arch Neurol. 1992;49:238-244) 


he growth of the field of psychoneuroimmunology 
has been marked by numerous studies in humans 

that link stressful life events,! bereavement,” and depres- 
sion? with alterations in immune functioning. However, 
few psychoneuroimmunological studies have examined 
relationships between psychosocial factors and immunity 
in persons with preexisting medical disorders with an 
autoimmune component, such as multiple sclerosis (MS). 
Multiple slerosis is a chronic, multifocal demyelinating 
disease of the central nervous system (CNS) that is 
accompanied by immunopathologic changes within the 
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CNS and alterations in peripheral immune markers dur- 
ing clinical exacerbation. +! 

There have been numerous studies evaluating psycho- 
logic distress, depression, and stress in MS. Psychologic 
distress is a frequent concomitant of MS,'"" while stud- 
ies on the frequency of depression among outpatients 
with MS indicate rates that range between 27% and 54%." 
Depression appears to be more prevalent in MS than in 
other neurologic disorders, including temporal lobe epi- 
lepsy, amyotrophic lateral sclerosis, or mixed neurologic 
disorders.'*'* In addition, MS patients without major de- 
pression experience high rates of demoralization (ie, mi- 
nor depressive symptoms),'! and nonspecific distress is 
common during exacerbations." Several studies that 
evaluated stress in MS found increased risk for exacerba- 
tion associated with or following the experience of stress- 
ful events.'”!* However, to our knowledge, only one 
study to date has attempted to correlate any of these psy- 
chosocial factors with markers of immune regulation in 
MS. 

Foley et al” found that psychologic distress (ie, anxiety 
and depression) was associated with higher absolutg, 
numbers and percent of CD4+ cell subpopulations, a 
higher CD4/CD8 ratio, and a lower CD8+ percentage in 
the peripheral blood of patients with MS that were 
assessed at one point in time. This finding was indepen- 
dent of severity of disease as assessed by a neurologist 
and age of subjects, and highlighted the need for more 
carefully controlled prospective studies. 

The purpose of this study was to build on some of the 
previous psychoneuroimmunological research in MS. If 
stress or psychologic distress is one of the factors associ- 
ated with increased risk of disease activity in MS, one 
might expect to see some relationship between distress 
and peripheral immune activation in MS. A prospective 
design was currently employed to determine if fluctua- 
tions in psychologic distress would accompany fluctua- 
tions in markers of cell-mediated immunity and neuro- 
logic status. It was hypothesized that times of higher 
distress would be accompanied by higher CD4+ (helpes/ 
inducer) subpopulations, lower CD8+ (suppressor/ 
cytotoxic) lymphocytes, and a higher CD4/CD8 ratio in 
the periphery. It was expected that psychologic distress 
and immune markers would not be related to clinical se- 
verity of disease. 
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In addition to evaluating lymphocyte subsets, this 
research built on prior work by evaluating several im- 
mune activation markers, including CD2+ (pan-T) cells, 
transferrin-receptor-positive (TrR+) lymphocytes, as well 
as the expression of class 2 major histocompatibility com- 
plex antigens (HLA-DR; Ia+) on lymphocytes. The CD2 
molecule is expressed early in T-cell ontogeny, is main- 
tained through the various steps of T-cell maturation,” 
and has been found to be related to T-cell activation.?!? 
Membrane-bound HLA-DR expression is important in 
antigen recognition by T lymphocytes,” while transferrin 
receptor upregulation is associated with interleukin-2 re- 
ceptor upregulation and increased helper/inducer 
(CD4+) cell-mediated immune activity.” It was hypoth- 
esized that times of greater psychologic distress would be 
associated with increases in these markers of immune ac- 
tivation. 


SUBJECTS AND METHODS 
Subjects 


Twenty-two MS outpatients at the Medical Rehabilitation Re- 
search and Training Center for Multiple Sclerosis, Albert Ein- 
stein College of Medicine, Bronx, NY, participated as part of a 
placebo-controlled trial of cyclosporine. Selection criteria con- 
trolled for many variables possibly influencing immune status. 
Inclusion criteria were a confirmed diagnosis of chronic pro- 
gressive MS, disease progression marked by a 1 point or more 
increase in Expanded Disability Status Scale (EDSS) score within 
the past 12 months, an EDSS between 3.0 and 7.0, and a 3-month 
washout from all immunosuppressive medication. Exclusion 
criteria included any previous treatment with cyclophospha- 
mide or radiation (powerful immunosuppressants used in MS 
treatment that may permanently affect immune status), an exac- 
erbation of the disease within the 3 months before participation, 
active. symptomatic infection, or a history of malignancy, de- 
mentia, or hematopoietic disorder. The resultant sample was 
highly homogeneous, carefully diagnosed, free from all immu- 
nosuppressant medications (at time 1), and free from other 
physical disorders. 


Instruments 


Neurologists’ ratings on EDSS% evaluated severity of physical 
impairment. This scale was designed to evaluate clinical status 
in MS, and ranges from 0 (normal neurologic examination) to 10 
(death due to MS). Psychologic distress (ie, depression, anxiety) 
was evaluated with two self-report scales. The Center for Epide- 
miological Studies Depression Scale (CES-D)”’ is a 20-item scale 
with a four-point Likert format. The potential range of scores is 
from 0 to 60, with higher scores indicating higher depressed 
mood. A score of 16 or greater has been found to be related to 
significant clinical depression.” The CES-D was selected because 
itis weighted less heavily than many other depression scales (eg, 
Beck, Zung) on somatic aspects of depression. This was consid- 
ered important in MS, since disease-related fatigue and activity 
changes can easily be confounded with depression. Prior re- 
search from our clinic that used the CES-D found that subjects 
with MS scoring 16 or greater were experiencing acute psycho- 
logic distress, and demonstrated greater CD4+ (helper/inducer) 
lymphocyte absolute numbers and percent than patients with 
MS scoring below 16.° The State-Trait Anxiety Inventory 
(STAT)* is a 20-item, four-point Likert scale that assesses transi- 
tory (state) anxiety. Scores range from 20 to 80, with higher 
scores reflecting greater anxious mood. Prior research from our 
“clinic has found STAI scores to be positively correlated with the 

CD4/CD8 ratio and negatively correlated to CD8+ cells in MS." 


Procedure 


Prior to the first visit, informed consent was obtained from 
each subject after the procedures were explained. On each visit, 
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patients completed the psychologic measures within 1 hour of 
venipuncture between 9 AM and noon at the MS clinic, and were 
evaluated by neurologists on the EDSS the same day. All blood 
samples were analyzed the same day they were gathered. Sub- 
jects were scheduled to come to the clinic for the blood drawing, 
neurologic examination, and psychologic tests every 3 months 
for 2 years, although two patients came for two additional visits 
after the 2-year cyclosporine study period ended, and several 
patients missed one or more visits during the study period. 
Throughout the study, all experimentors (ie, psychologist, im- 
munologist, neurologist) were blinded with respect to the other 
data gathered. 

At the time of the first clinic visit, all subjects were free from 
immunosuppressant medication. After that, half (11 subjects) 
were administered cyclosporine in a double-blind protocol. The 
remaining subjects received a placebo and remained free from 
immunosuppressant drugs. 

At time 1, the psychologic, neurologic, and immunologic 
measures were intercorrelated on all subjects (n = 22) to evaluate 
the potential interrelationships. After time 1, two subjects did 
not return for follow-up, and another subject’s psychologic data 
was found to be invalid, leaving 19 potential subjects for the 
prospective analysis. Of these 19 subjects, six did not experience 
significant fluctuations in psychologic distress (CES-D scores) 
over time, and were excluded from the analysis. What constitued 
a significant fluctuation was determined from our previous work 
with the CES-D scale in MS,” and from population-based stud- 
ies,” in which a score equal to or above 16 was used as a cut-off 
for significant psychologic distress. Since our purpose was to 
compare two prospective time points in which persons were 
distressed and not distressed, those subjects that demonstrated 
a score below 16 at one time point and above 16 at another time 
point were defined as experiencing a “significant” fluctuation in 
distress. Thirteen of the 19 eligible patients had CES-D scores 
below 16 at one time point and equal to or greater than 16 at an- 
other time point and thus constituted the sample on which the 
prospective data analysis was conducted. 

For the 13 subjects in the prospective study, points of highest 
and lowest distress (CES-D scores) were selected, and these 
times (high distress vs low distress) were compared on the im- 
munologic and neurologic factors. For subjects receiving cyclo- 
sporine, the time 1 (before drug) data point was eliminated from 
consideration, so that all of their data points (high distress/low 
distress) occurred when they were stabilized on cyclosporine. 
The data analysis subsequently evaluated the main effects for 
time of the overall sample (all subjects were compared between 
two time points), main effects for group (whether cyclosporine 
and placebo groups were different), and the differential effects 
that belonging to either the cyclosporine or placebo groups had 
over time (time X group interaction effects). 

Direct immunofluorescence determined the absolute numbers 
and percentages of pan-T cells and T-cell subsets. Fifteen milli- 
liters of heparinized blood were obtained from each patient, and 
mononuclear cells were isolated on a Ficoll-paque gradient.” 
Aliquots of 1 x 10° cells were then resuspended in 50 pL of Ea- 
gle’s minimum essential medium (containing 10% 0.1 mol/L of 
sodium hypophosphate, 10% 0.01 mol/L of magnesium chloride, 
and 2% newborn calf serum) and incubated at 4°C for 45 minutes 
with 15 uL of the appropriate monoclonal antibody. Fluorescein 
isothiocyanate-conjugated anti-Leu-1, anti-Leu-3a, anti-Leu- 
11b, and anti-Leu-5b monoclonal antibodies (Becton Dickinson, 
Mountain View, Calif) were used to label pan-T cells, CD4+ 
helper/inducer cells, natural killer cells, and CD2+ cells, respec- 
tively. Fluorescein isothiocyanate mouse monoclonal antibody 

was used to label transferrin-positive cells (IrR+). Phyco- 
erythrin—conjugated monoclonal antibodies were used for quan- 
titative estimation of CD8+ suppressor/cytotoxic (Leu-2a+) 
cells, and HLA-DR (la) epitopes. After incubation with mono- 
clonal antibodies, samples were washed in medium and 
mounted on glass slides. The percentages of labeled cells were 
determined using a photomicroscope (Zeiss Photomicroscope 
Ill), equipped for phase and fluorescence microscopy. Percent- 
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ages of lymphocyte subsets were determined by counting at least 
300 cells. Absolute numbers of lymphocyte subsets were calcu- 
lated from the percentages and the absolute number of lympho- 
cytes per cubic millimeters of blood derived from the total leu- 
kocyte count and the differential cell count. 


RESULTS 


Eight men and 14 women participated. Subjects were 
from 31 to 55 years old, with a mean age of 45.1 years. At 
time 1, neurologic disability on the EDSS ranged from 3.0 
(moderate disability in one functional system, eg, mono- 
paresis, mild hemiparesis, moderate ataxia, or prominent 
urinary or eye symptoms; or mild disability in more than 
one functional system) to 6.5 (constant bilateral assistance 
required for walking 20 m without resting), with a mean 
disability level of 5.7. Subjects had been diagnosed with 
MS from 1 to 22 years, with an average of 7.38 years since 
diagnosis. The CES-D scores ranged from 1 (no depres- 
sive symptoms) to 42 (multiple, severe depressive symp- 
toms), with an overall group mean at time 1 reflecting 
mild to moderate depression (mean, 18.27; SD, 13.08). 
Similarly, state anxiety scores ranged from minimally 
(STAI score, 21) to extremely anxious (STAI score, 57), 
with the group mean score at the moderately anxious level 
(mean, 39.32; SD, 13.19). The subjects also ranged widely 
on their numbers of CD4+ cells (minimum, 425; maxi- 
mum, 1410; mean, 781.9; SD, 205.1), CD8+ cells (mini- 
mum, 75; maximum, 573; mean, 299.7; SD, 147.6), CD2+ 
cells (minimum, 707; maximum, 1520; mean, 1079.2; SD, 
235.6), TrR+ lymphocytes (minimum, 0; maximum, 122; 
mean, 45.3; SD, 42), HLA-DR+ lymphocytes (minimum, 
80; maximum, 392; mean, 225.3) and natural killer (Leu— 
11-b+) cells (minimum, 0; maximum, 365; mean, 148.9; 
SD, 95.9). The figures for lymphocyte subpopulations are 
consistent with prior findings from our laboratory in pa- 
tients with MS.” 

For the time 1 data, Pearson product-moment correla- 
tion coefficients (r) were computed among the psycho- 
logic (CES-D, STAI), lymphocyte populations (CD4+, 
CD8+, Leu-11-b+), activation markers (CD2+, lat, 
TrR+), and neurologic ratings of disease severity (EDSS). 
The CES-D depression and STAI anxiety scores were 
highly intercorrelated (r(20)= .5846, P<.01), reflecting 
that these measures assessed slightly different facets of 
the same phenomenon, ie, generalized psychologic dis- 
tress or “negative affect.” As expected, severity of dis- 
ability (EDSS score) was not significantly related to the 
measures of psychologic distress (CES-D, STAI), absolute 
numbers or percents of lymphocyte subpopulations, or 
the immune activation markers, with the exception of 
TrR+ cells (r(19)= .4304, P<.05). More disabled persons 
had greater absolute numbers of TrR+ cells. In summary, 
a score of global impairment due to MS was found to be 
largely unrelated to psychologic and immune status. 

Examination of interrelationships between markers of 
psychologic distress (CES-D, STAT) and immunity at time 
1 revealed that both distress measures were unrelated to 
CD8+ and Leu-11-b+ cell numbers and percent, as well 
as la+ receptor-positive cells. However, anxious distress 
(STAI) was significantly related to CD4+ numbers (r(20) = 
.4306, P<.05), CD2+ percent (r(20) = —.5423, P<.01), and 
percent of TrR+ lymphocytes (r(19)= —.5148, P<.02). 
There were also trends toward significance between anx- 
ious distress and absolute numbers of TrR+ cells (r(19) = 
—.3757, P<.10) and the CD4/CD8 ratio (r(20)= .3691, 
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P<.10). Depressive distress was not found to be signifi- 
cantly related to immune markers at time 1, although 
there was a trend toward a significant relationship with 
TrR+ percent (r(19)= —.3835, P<.10). In summary, psy- 
chologic distress at time 1 was found to be correlated with 
fewer pan T (CD2+) cells, greater helper/inducer (CD4+) 
lymphocyte subpopulations, and a lower percent of lym- 
phocytes expressing transferrin-receptors, with a trend 
toward a higher CD4/CD8 ratio. However, these results 
should be interpreted with caution, since there were rel- 
atively few subjects in this analysis (N =20), and a large 
number of immune variables (V = 13). These results must 
be interpreted cautiously, since no correction was made 
for the number of tests of significance. 


Prospective Analysis Comparing Times 
of Highest/Lowest Depression 


For the prospective study, the 13 subjects (six men, 
seven women) who demonstrated significant fluctuations 
in depression (CES-D) scores between two points in time 
constituted the sample for study. These time points 
(high-depressed time vs low-depressed time) were com- 
pared on the psychologic, immunologic, and clinical 
(EDSS) measures, as described. Seven subjects received 
placebo, while six subjects received cyclosporine. 
Repeated-measures multivariate analyses of variance 
(RM-MANOVA) were used to evaluate the data. Separate 
RM-MANOVAs were conducted on three subsets of de- 
pendent measures: psychologic measures (CES-D, STAT), 
lymphocyte subsets (CD4+ cells, CD4+%, CD8+ cells, 
CD8+%, Leu-11-b+ cells, Leu-11-b+%, and CD4/CD8 
ratio), and immune activation markers (CD2+ cells, 
CD2+%, HLA-DR [la+] cells, Ia+%, TrR+ cells, and 
TrR+%). Each RM-MANOVA evaluated main effects for 
time (high-depressed vs low-depressed time points), 
group (cyclosporine vs placebo patients), and time X 
group interaction effects. Before these were conducted, 
the frequency distributions of each variable were evalu- 
ated to ensure that the assumptions of the statistical pro- 
cedure would not be violated. Variables whose distribu- 
tions demonstrated skewness more than 2 underwent 
logarithmic transformations before the RM-MANOVAs 
were conducted. In addition to the above, a separate re- 
peated measure of analysis of variance was conducted on 
neurologic status (EDSS) between the two time points to 
evaluate for possible differences in clinical status at the 
high- and low-depressed time points. 

Of the 13 immunologic variables measured, one subject 
was missing Leu-11-b+ cells at the low-depressed time 
point, and another subject was missing data on Leu-11-b+ 
and TrR+ cells at the high-depressed time point. For these 
data points, multiple regression equations were constructed 
to predict the missing values. Using multiple regression to 
predict missing values is more precise than the traditional 
“mean substitution” method, since it factors into the equa- 
tion intercorrelations between the “independent” and “pre- 
dictor” variables in its estimation. Estimating these few data 
points prevented all of these subjects’ data from being 
dropped from the subsequent RM-MANOVA analyses, 
since the RM-MANOVA procedure uses list-wise deletiah 
when missing data are encountered. 


Analysis of the Psychologic Variables 


Differences over time (high-depressed vs low- 
depressed time points) and between groups (cyclosporine 
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vs placebo) for the two psychologic variables (depression, 
CES-D; anxiety, STAI) were evaluated to confirm that the 
procedure successfully selected time points that differed 
significantly on the psychologic variables (main effect: 
time) to ensure that the cyclosporine and placebo patients 
demonstrated comparable levels of depression (main ef- 
fect: group), and to ensure there were no interaction ef- 
fects that could cloud the interpretation of the subsequent 
analyses (interaction effect: time x group). The results 
found a significant main effect for time (Hotelling’s T? = 
20.54, P<.001), indicating the subjects experienced sig- 
nificantly different distress at the two points in time 
selected for each patient. Since the multivariate F statistic 
was significant, follow-up repeated measures analyses of 
variance were conducted on each of the two psychologic 
variables. They revealed that subjects experienced signif- 
#. icantly higher depression (F=97.13, P<.001) and anxiety 
(F=22.58, P<.001) at the selected high-depressed time 
point compared with the low-depressed time point. In 
addition, this analysis revealed there were no main effects 
for group (Hotelling’s T?=.79, not significant) or group x 
time interaction effects (Hotelling’s T?=.62, not signifi- 
cant). This indicated that there were no significant differ- 
ences between the cyclosporine and placebo groups on 
the psychologic measures, and no differential effects of 
group membership over time on the psychologic mea- 
sures. 


Analysis of the Lymphocyte Subset Variables 


The second RM-MANOVA was conducted on the lym- 
phocyte subset variables, which included absolute num- 
bers and percents of CD4+ (helper/inducer), CD8+ 
(suppressor/cytotoxic), and Leu-11-b+ (natural killer) 
cells, and the CD4/CD8 ratio. As in the first RM- 
MANOVA analysis, main effects for time (overall differ- 
ences between the two time points) and group (cyclospo- 
rine vs placebo), as well as group X time interaction 
effects were evaluated. 

The results of the group RM-MANOVA indicated that 
there were no main effects, which indicated that cyclo- 
sporine and placebo subjects demonstrated no differences 

n the lymphocyte subset measures. 

Main effects for time were evaluated. The results indi- 
cated a significant difference between the high-depressed 
and low-depressed time points on the lymphocyte subset 
measures (Hotelling’s T?=20.58, P<.01). Because the 
multivariate F was significant, follow-up repeated mea- 
sures of analysis of variance on each of the lymphocyte 
subset measures were conducted to determine more pre- 
cisely where the differences lay. The Table presents the 
means, SDs, and F values for the time analysis (high- 
depressed vs low-depressed time points). 

As the Table indicates, differences in mood between 
two points in time were associated with changes in some 
lymphocyte subsets. The time point associated with 
higher depression was related to a significant loss of ab- 
solute numbers of CD8+ cells, lower CD8+%, and a 
higher CD4/CD8 ratio for the overall sample (ie, both cy- 
closporine and placebo patients). There were no differ- 

ences between the high- and low-depressed time points 
on CD4+ numbers or percent, or Leu-11-b+ numbers or 
percent. 

Significant interaction effects (group x time) for the 
lymphocyte subset variables were present (Hotelling’s T? 
= 15.02, P<.01), which are also indicated in the Table. As 
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Means, SDs, and F Values Comparing High- vs 
Low-Depressed Times* 


High Depressed Low Depressed 
A --—— 
Mean SD Mean SD FM FI 































CD4+ 812.54 284.94 757.54 297.26 35 7.46t 
CD4+ % 55.69 9.23 50.50 13.27 3.01 6.28ł 
CD8 + 254.08 112.24 348.15 104.80 10.90} 3.66§ 
CD8 +% 18.19 8.48 24.04 7.05 12.02} 2.66 
CD4/CD8|| 69 24 32 -18 121.764 2.84 
LEU-11-B+ 143.25 82.88 100.11 52.59 3.10§ 3.01 
LEU-11-B+% 9.67 4.45 7.17 4.03 1.98 1.27 





“FM indicates main effects (high- vs low-depressed points in 
time); FI, interaction effects (time x group, where group equals 
cyclosporine vs placebo). 

TP<205; 

$+P<.01. 

§P<.10 (trend). 

|\CD4/CD8 scores are logw transformed. 

qP<.001. 


the Table reveals, only CD4+ cells and CD4+% demon- 
strated significant time x group effects. This indicated 
that, for the placebo patients only, CD4+ cell numbers 
and percent of CD4+ cells were higher in the periphery 
at the time subjects were more depressed. This finding is 
consistent with the known effects of cyclosporine on 
CD4+ subpopulations. 

To ensure that the findings with regard to CD4+ and 
CD8+ subpopulations and depression over time were not 
confounded by systematic bias in the data (eg, trends up- 
ward or downward in immune markers for the entire 
sample over time), the following analysis was conducted: 
we compared the mean scores for all 13 subjects at all eight 
time points on CES-D (via paired t tests), and found that 
no time point significantly differed from the others. We 
similarly compared all eight time points for possible dif- 
ferences in mean CD4+ and CD8+ scores, and the CD4/ 
CD8 ratio. Although there were a few specific time points 
where the entire sample differed significantly on CD4+ 
and CD8+ numbers, none of the specific combinations of 
high- or low-depressed time points compared in our 
study (ie, one high- and one low-distressed time point per 
subject) included these combinations of time points. It is 
therefore unlikely that our findings (with regard to CD4+ 
and CD8+ differences and depression) are confounded 
by the time at which the high and low comparisons on 
depression, CD4+, CD8+, or the CD4/CD8 ratio were 
made (ie, trends up/down over time in the data). 


Analysis of Immune Activation and Clinical Markers 


The third RM-MANOVA was conducted on the im- 
mune activation markers, which included CD2+, 
HLA-Dr (Ia+), transferrin-positive-lymphocytes (TrR+), 
and percentages. The results found that there were no 
main effects for group (Hotelling’s T?=.20, not signifi- 
cant) or time (Hotelling’s T?=.66, not significant). There 
were no overall group differences between the cyclospo- 
rine and placebo subjects on Ila+, TrR+, or CD2+ cells, 
and no differences between the high- and low-depressed 
time points on these measures. Similarly, there were no 
interaction effects (Hotelling’s T?=.62, not significant) 
present. 
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A single repeated measures analysis of variance was 
conducted on EDSS. As expected, there were no main ef- 
fects for time (F=.03, not significant) or group (F=.34, 
not significant), which indicated that cyclosporine and 
placebo patients were equally disabled, and all patients 
were similiarly disabled at the high- and low-depressed 
time points. In addition, there were no differences with 
group membership between time points on EDSS score 
(group X time interaction effects [F = .45, not significant). 


Prospective Analysis of a Single Case at All Time Points 


Since multiple time points were used, inspection of the 
pattern of change in immune markers with change in de- 
pression at all time points may be illuminating. Because 
different measures were used with markedly different 
metrics, and the times of each subjects high- and low- 
depression points during the 2-year study varied greatly, 
presentation of averaged data across subjects for all time 
points would not be meaningful. Indeed, comparisons of 
averaged data for the entire sample among time points 
revealed no significant differences in psychologic or neu- 
rologic factors over time, and only a few differences in 
immune markers. However, a single patient was selected 
on whom complete data was obtained at nine consecutive 
time points His raw scores on all measures were con- 
verted to T-scores having a mean of 50 and an SD of 10. 
This was done to standardize the different metrics and 
allow for a meaningful visual comparison of this person’s 
scores over time. By using T-scores, a 10-point difference 
between any two points on any measure was considered 
significant. This particular patient was selected because 
he had a complete data set at all time points, was in the 
placebo group, demonstrated only very little change in his 
neurologic examination (ie, 6.5 to 7.0 on EDSS score) over 
the 2-year duration of the study, was free from detectable 
bladder and other intercurrent infections at each assess- 
ment time during the study, and was highly consistent in 
his diet and personal habits. In addition, this patient was 
selected because he demonstrated a single depressive ep- 
isode that resolved during the study period, which 
allowed for a clearer inspection of how the immunologic 
markers related to this depressive episode. Figure 1 pre- 
sents the T-scores for this patient’s depression (CES-D), 
CD4%, and CD8% for all nine time points; Fig 2 presents 
depression and the number of lymphocytes expressing 
transferrin (TrR+) receptors and the HLA-DR (la+) 
epitope; while Fig 3 presents depression and CD2+ 
(pan-T) cells and Leu-11-b+ (natural killer) subpopula- 
tions. 

As the figures indicate, the subject experienced a 
significant increase in depression at time 5, with smaller 
increases relative to baseline at times 3 and 4. There is an 
obvious relationship between the depressive episode and 
CD4% increase and subsequent decrease, while there is 
no obvious relationship with CD8% (Fig 1). Relative to the 
rest of the sample, this patient’s CD8% remained signif- 
icantly high throughout the study, with the exception of 
time 2, at which point it was equivalent with the sample 
CD8%. Figure 2 reflects changes in activation markers on 
lymphocytes that may be temporally associated with his 
depressive episode. There were marked increases in 
TrR+ cells 3 months before and during the depressive 
episode (times 4 and 5), while Ia+ lymphocytes increased 
at the time point preceding the depressive episode (time 
4). Figure 3 reveals that CD2+ cells also increased at time 
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Fig 1.—CD4+ % and Center for Epidemiological Studies Depression 
(CES-D) scores for a single placebo patient over a 24-month period. 
T-scores have a mean of 50 and an SD of 10. Time intervals (T1 
through T9) are 3 months each. At time 5, significant increases oc- 
cur in CES-D and CD4%. The increase in CD8% at time 2 is unrelated 
to CES-D score. 
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Fig 2.—la+ and TrR+ lymphocytes, and Center for Epidemiological 
Studies Depression (CES-D) scores for the same placebo patient. 
Significant rises in la+ and TrR+ lymphocytes occur at time 4, with 
la+ cells returning to baseline at time 5 and TrR+ cells returning to 
baseline at time 6. 


4, while there is no apparent temporal relationship 
between natural killer cell numbers and the depressive 
episode. There was no change in his neurologic examina- 
tion (EDSS) for the first seven time points, while he 
increased from 6.5 to 7.0 at time 8 and remained at 7.0 at 
time 9. 


COMMENT 


The data indicated that differences in psychologic dist 
tress in a sample of patients with MS studied prospec- 
tively were associated with statistically significant differ- 
ences in lymphocyte subpopulations. At times of 
relatively higher distress, higher CD4+ (helper/inducer) 
and lower CD8+ (suppressor/cytotoxic) cell numbers and 
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Time 
Fig 3.—CD2+%, Leu-11-b+%, and Center for Epidemiological 
Studies Depression (CES-D) scores for the same patient. Significant 
rises in CD2+ cells occur at times 4 and 9. Leu-11-b+ cells increase 
significantly at time 2. 


percent were noted, with a significantly higher CD4/CD8 
ratio. One of these observed changes (CD8+ depletion) 
has been characterized by other researchers as occurring 
during exacerbations,*'™ although there was no distress 
associated change in neurologic status (ie, EDSS score) 
observed in our study. Cyclosporine, a powerful immu- 
nosuppressant, dampened the higher CD4+ cell numbers 
and percent associated with the high-depressed time 
points in this study. 

The most consistent (albeit controversial) disease asso- 
ciated peripheral immune marker identified to date in MS 
has been CD8+ defect or depletion.** In this study, CD8+ 
depletion was associated with time points of higher 
depression in both cyclosporine and placebo patients. 

There were no statistically significant associations be- 
tween immune activation markers and the depressed time 

qpoint for the overall sample, or for either the placebo or 
cyclosporine patients. This may mean that immune- 
related changes with depression are limited to CD8+ and 
CD4+ cells. Alternatively, the temporal relationship be- 
tween increased HLA-DR and transferrin epitope expres- 
sion on lymphocytes may occur before changes in subset 
populations, as implied by the single subject data (Figs 1 
and 2). 

Interpretations of peripheral immune alterations with 
depression in MS must be interpreted with caution. First, 
relations between peripheral immune markers, clinical 
status, and CNS pathogenesis and progression of MS is 
currently unknown. Our study found no correlation be- 
tween a clinical marker (EDSS score) of disease severity 
and immune or affective status, although clinical status is 
probably only marginally related to CNS lesion patho- 
genesis. Future research needs to use more sensitive 
markers of disease activity (perhaps serial magnetic res- 

nance imaging), or follow up patients for many years to 
evaluate whether these distress associated immune 
changes are relevant to disease progression. 

Second, there are numerous immune-CNS intercon- 
nections, including direct enervation of lymphoid tissues 
by sympathetic axons,” peptide and neurotransmitter 


Arch Neurol—Vol 49, March 1992 





regulation of the immune response,*” secretion of hor- 
mones and neuropeptides by activated lymphocytes,* 
and lymphokine-mediated decreases in hypothalamic 
catecholamine turnover.” Thus, it is theoretically pos- 
sible for depression in MS to either precipitate or follow 
disease-related immune activation, although the mecha- 
nisms and pathways for these events have not yet been 
delineated. 

A number of exogenous events have been considered 
suspect as precipitating or “triggering” factors in MS ex- 
acerbations, such as viral infections, exposure to extreme 
heat, or the experience of stressful life events.!”“! Franklin 
et al demonstrated in a carefully controlled prospective 
study that patients with MS who experienced a qualita- 
tively stressful life event were 3.7 times more likely to 
have a clinical exacerbation within 6 months following the 
event than patients with MS who did not. Although re- 
lationships between mood and immunity in MS may be 
due to unmeasured underlying disease, chance, or other 
unknown mediators of both mood and immunity, it has 
also been suggested that psychologic distress or stress 
may serve as one of many “triggers” that set into motion 
the inflammatory and immunologic changes that charac- 
terize MS.” Since we have identified immune changes 
associated with psychologic distress in MS, future re- 
search should attempt to identify the physiologic path- 
ways that mediate this relationship. For example, study- 
ing neuroendocrine and sympathetic nervous system 
function in stressed and/or depressed patients with MS 
may provide important data to help understand this ap- 
parent relationship between psychologic distress and im- 
munity in MS. Finally, since our current and previous 
findings indicate that psychologic distress predicts some 
immune parameters in MS, future immunologic research 
in MS should screen for psychologic distress in the 
patients studied. 
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“As doctors, if we do the right thing at the right time, 


we can make a difference: 


Dr. Kenneth A. Haller, Pediatrician, East St. Louis, Illinois, Member, American Medical Association 


In one of the nation’s poorest communities, Dr. 
Kenneth Haller is working not only to save children’s 
lives, but to bring dignity to the lives of their parents. 
>» Heis the type of physician who brings distinction 
to our profession. He is the type of physician who 
upholds the highest ideals of medicine. He is also a 
member of the American Medical Association (AMA). 

“I read the Principles of Medical Ethics of the AMA 
and was impressed by it. Tm proud to be a member,” 
says Dr. Haller. 


You are invited to join Dr. Haller and to join with 
him in his efforts to bring quality health care to those 
in need. To become a member of the AMA, call our 
toll-free number now. 1-800-AMA-3211. 
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Lesion Localization in Apractic Agraphia 


Michael P. Alexander, MD; Richard S. Fischer, PhD; Rhonda Friedman, PhD 


è Apractic agraphia is an impairment in writing in which the 
actual orthographic production of letters and words is ab- 
normal despite normal sensorimotor function, visual feed- 
back, and word and letter knowledge. We report one case 
and review the limited clinicoanatomical literature. Analysis 
of available cases supports the hypothesis that apractic 
agraphia is one of several related clinical disorders that are 
due to the loss of spatially and kinesthetically modulated 
movements. It is produced by lesions in the superior parietal 
lobule, usually in the hemisphere dominant for language. 
(Arch Neurol. 1992;49:246-251) 


Ara agraphia is an allegedly specific disorder of 
writing characterized by deteriorated orthography 
despite normal sensorimotor function of the hand and 
preserved oral spelling and typing.'? Errors are not due 
to any failure of language processing; that is, they follow 
no linguistic dimension. Explanations of apractic agraphia 
have been advanced along two potentially independent 
dimensions: neuropsychological and neuroanatomical. 
Neuropsychological explanations have included the fol- 
lowing: (1) loss of graphic motor patterns’; (2) loss of 
letter-form knowledge’; (3) disconnection of “visuokines- 
thetic engrams” for writing from the actual motor centers 
that execute writing’; and (4) visuospatial deficit.° Neu- 
roanatomical investigations are few but have implicated 
various portions of the parietal lobe, usually in the hemi- 
sphere dominant for language. We report a case of 
agraphia in a right-handed patient with a well-defined 
unilateral left superior parietal lesion. Simultaneous def- 
icits in spatial function, praxis, motor learning, and writ- 
ing in this case and others in the literature suggest that the 
superior parietal lobule has a critical role in all spatially 
constrained learned movements, including writing. 


REPORT OF A CASE 


A 78-year-old, right-handed, high school-educated woman 
suffered a hypertensive left-sided parietal intracerebral hemor- 
rhage. She was initially aphasic and hemiparetic, but her condi- 
tion rapidly improved. We examined her 2, 8, and 14 weeks af- 
ter onset. Initial mild hemiparesis improved and right-sided 
visual neglect cleared. Severe right-sided sensory loss persisted. 
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Computed Tomography 


Initial computed tomography (CT) demonstrated a large left-A 
sided parietal hematoma, but follow-up scan at 8 weeks after 
onset (Fig 1) revealed a large hypodense area in the left superior 
parietal lobule just extending into the angular gyrus and reach- 
ing deep into the posterior periventricular white matter. No 
right-hemisphere lesions were noted, but there was mild diffuse 
periventricular lucency. 


Language 
Spoken language throughout was fluent with mild word- 
finding difficulties but no paraphasic errors. Detailed results’® 
are shown in Table 1. Letter naming was normal, and letter and 
object imagery* were also normal (26/26 and 25/26, respectively). 


Writing 

The patient was initially unable to form letters with either 
hand, even to copy (Fig 2). Writing remained limited at 8 weeks, 
although she was able to write her name and copy with either 
hand slowly and laboriously single letters and numbers (Fig 2, 
top). Oral spelling and typing of high- and low-frequency reg- 
ular, irregular, ambiguous, and pseudowords were entirely 
normal (60/60). By 14 weeks after onset, the patient was labori- 
ously able to write orthographically legible letters with either 
hand (Fig 2, bottom). The average time to write a word was 
greater than 2 minutes. Final written production was usually 
normal, but for low-frequency lengthy words (six letters or 
more), she often wrote correctly formed but incorrectly chosen 
letters. Letter block spelling of short words (of high and low fre- 
quency) and of short pseudowords was normal. sd 


Praxis 


Standardized assessment of ideomotor apraxia’ was adminis- 
tered at bedside. On initial examination, when asked to demon- 
strate representational limb commands with her left hand, she 
would look at her fingers and hand with a bewildered expression 
on her face. She flexed and extended her fingers but was unable 
to perform any recognizable movement. She did not improve 
with imitation and had great difficulty with the use of actual ob- 
jects. Buccofacial praxis was intact. At 8 weeks after onset, she 
was able to make movements that were incorrectly sequenced or 
oriented in space, but it was possible to recognize the intent of 
the movement. Performance improved dramatically with imita- 
tion or use of object, although using objects still produced some 
spatial errors. At 14 weeks after onset, there was little additional 
improvement. 


Visuospatial Abilities 


Initially, she was unable to execute even the most simple lint 
drawings, and she could not assemble any of the block designs 
of the Wechsler Adult Intelligence Scale-Revised, despite re- 
peated demonstrations and modeling. By 8 weeks after onset, 
only mild visuoperceptual problems were noted (Table 2). There 
was no visual neglect. She was able to identify 12 of 14 map lo- 
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Fig 1.—A schematic representation of computed tomographic scan 
performed 8 weeks after onset. The lesion is discussed in detail in 
the text. 


Table 1.—Aphasia Testing* 


Time After Onset, wk 
—uouwm ooeoewmr 


Test 2 8 








Auditory comprehension (WAB) 
Yes/no 57/60 
Word discrimination 54/60 
Sequential commands 17/80 


Repetition (WAB) 98/100 
Naming (WAB) 48/60 
BNT 33/60 
Oral reading 


65/80 


60/60 


49/60 


Rare phonemic 
paralexias 


*WAB indicates Western Aphasia Battery’; BNT, Boston Naming 
Test.’ 


cations. She was able to copy simple geometric designs slavishly, 
but her productions were fragmented and overdrawn. She could 
assemble only design 1 of the Block Design subtest. Throughout 
the weeks of assessment, she had marked right-left confusion 
“yand was unable to perform even the most simple oral or written 
calculations, although finger name recognition was normal. 


Attention and Memory 


Digit span score was six forward and three backward (scale 
score =6), but Corsi Block was only three forward and two back- 
ward. Her performance on an auditory vigilance task was within 
the normal range. There was no motor impersistence. The 
patient was unable to reproduce any of the designs on the visual 
reproduction subtest of the Wechsler Memory Scale, but her 
recognition in immediate and delayed conditions was perfect. 
Motor learning and retention of motor skills were severely im- 
paired. She was unable to learn the Luria three-step over 20 pre- 
sentations. She demonstrated a rapid learning curve for typing 
a string of five random letters but, after a 10-minute delay, was 
unable to retain the motor sequence. 


COMMENT 


Amid the several allegedly specific disorders of writing, 
only spatial and apractic agraphias are not defined along 
any linguistic dimensions. Spatial agraphia is the term 
usually applied to writing that is disturbed in its place- 
ment on the page.'* Margins are unformed or incorrect. 
Adjacent letters are in incorrect apposition and letter 
strokes are reiterated, but recognizable letters are formed. 
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Fig 2.—Writing samples. Top, The first line is an attempt to write her 
first name with her left hand at 2 weeks after onset. The second and 
third lines were done 8 weeks after onset with the left hand: her name 
written to command and copying of four letters (after she insisted that 
she could not write comb, although she could spell it aloud). Bottom, 
Writing to dictation at 14 weeks after onset, upper line with left hand, 
lower line with right hand. Writing was effortful and slow compared 
with typing: stone, 3 minutes 30 seconds writing vs 17 seconds typing; 
fruit, 1 minute 56 seconds vs 26 seconds; pest, 2 minutes 20 seconds 
vs 27 seconds; and chef, 1 minute 25 seconds vs 32 seconds. 


Table 2.—Neuropsychological Testi 
After Onset* 













ng at 8 Weeks 











WAIS-R 
Verbal IQ 
Information 
Digit Span 
Vocabulary 
Comprehension 
Similarities 
Performance IQ 
Picture Completion 
Picture Arrangement 
Block Design 
Object Assembly 


Other tests 
Benton Visual Retention 
Judgment of Line Orientation 
Map Visualization 12/14 
Line Cancellation 19/19 
Block Design (SS) 8 
Ravens Progressive Matrices 50th percentile 


oo 
w 





74 (prorated) 


NWAN aruon 






15/16 
22/30 










*WAIS-R indicates Wechsler Adult Intelligence Scale-Revised; 
SS, scale scores. 
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Valenstein and 
Heilman,> 1979 


Table 3.—Cases of Apractic Agraphia With Lesion Localization 


Roeltgen and 
Heilman," 1983 





Crary and 
Heilman,’ 1988 


Levine et al,° 1988 





gra . ““: ; 

Handedness L R (minimal education) Not specified R 

TPO testing* 2 wk (infarct) 3 wk (infarct) 3 mo (large 4 wk and 3 mo (infarct) 

hemorrhage) 

Hands tested Both; R worse Both; equally impaired Not specified Both hands; equally 

impaired 

Writing “Poorly formed,” Meaningless scrawl, Very slow, generally 4 wk: no recognizable 

“largely very slow recognizable and well letters; perseverative; 

unrecognizable,” formed 3 mo: slow, 

very perseverative “disfigured,” but 
recognizable; letter 
and allograph 
substitution 

Copy of No improvement Improved; Normal; recognizable Improved but slow and A 

writing recognizable effortful 

Anagrams Not tested Not testable due to Normal (apparently No improvement; could 
“severe alexia” only 6 test items) not select or order (4 

and 6 wk) 

Typing Language near normal, Not tested Not tested No improvement; very 

L neglect on slow and letters out of 
keyboard order; confused by his 
own oral spelling 

Letter Not tested Not tested; unable to Letter naming normal, Naming good; imagery 

knowledge name letters letter imagery poor poor 

Limb praxis Very impaired Normal Normal Mild ideomotor apraxia; 

more trouble with 
actual object use 

Spatial Minimal information; Very impaired; L Moderately impaired; Severely impaired; R 

L neglect severe; neglect; too little no neglect; spatial neglect, spatial 
neglect affected writing to judge features of writing features not judgable 
writing spatial features apparently good at 4 wk but at 3 mo 
mild impairment 
Spoken Normal Transcortical sensory; Transcortical sensory Anomic 
language very impaired claimed but analysis 
auditory of testing suggests 
comprehension actually anatomic 
with fair 
comprehension ae 
Oral spelling Probably normal; Very poor; both “Good” (not clear that Better; “4th grade level,” 
minimal information irregular and regular >6 words were no details 
words 13% correct, tested) 
pseudowords not 
tested 

Reading Normal Severe alexia, even Normal Normal 
letters 

Lesion side R R L L 

Lesion area Superior parietal (~7) Inferior parietal and Superior parietal Parietal (~39 and upper 
middle temporal (~upper 39 and 40 40) 

(39), 37) and inferior 7) 

Mechanism Apraxia for writing Loss of motor Impaired “graphemic Loss of integration of 
programs to “form area” that generates visuospatial capacity 
graphemes,”’ ie, physical description with language; ‘‘not 
apraxia for writing of letter spatial agraphia”’ 

*TPO indicates time after onset. n 


The written line wanders off the horizontal. In practice, 
spatial agraphia has referred to writing impairments after 
lesions in the hemisphere not dominant for language. 
Left-sided neglect, constructional impairments, and glo- 
bal inattention after right-sided brain injury interact to 
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produce spatial agraphia. It has not, however, been dem- 
onstrated that left-hemisphere (language-dominant) le- 
sions could not also produce a similar agraphia due to 
perceptuospatial deficits and right-sided neglect. Once 
our patient was able to produce recognizable letters and 
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Friedman and 
Alexander,* 1989 


Present Case 





R 
2 mo (infarct) 


L only; R paretic 


Very slow and effortful; 
awkwardly constructed 
but recognizable 


k 
“Improved 


Poor, very slow; incorrect 
ordering 


Not tested 


Naming poor; imagery 
poor 


Very impaired 


Not tested, too little 
writing to judge spatial 
features; no letter 
repetitions 


Anomic but sparse, 
unelaborated output; 
good auditory 
comprehension 


D 
Poor; regular words 72% 

correct but irregular 
words 28% and 
pseudowords normal; 
approximate “lexical 
agraphia” 

Not specified 


L 


Parietal (~superior 39); 7; 
5; deep periventricular 
white matter 


Disrupted activation of 
letter (and word) 
images 


d 


R 


2, 8, and 14 wk 
(hemorrhage) 


Both (R had impaired 
sensation); equal 


2 wk: illegible marks; 8 wk: 
very slow, recognizable 
single letters; 14 wk: very 
slow, effortful, 
recognizable 


2 wk: some recognizable 
letters; 14 wk: not 
different than 
spontaneous 


14 wk: near normal 


8 and 14 wk: slow but 
normal 


14 wk: naming normal, 
imagery normal 

2 wk: very impaired; 8 and 
14 wk: deficits in spatial 
features, also with real 
objects 


2 wk: severely impaired 
drawing, construct; 8 wk: 
impaired; no neglect; no 
definite spatial deficits in 
writing 


Mild anomia 


2 wk: not tested; 8 wk: 
normal; regular, irregular; 
and pseudowords 


Normal 


L 
Parietal (~superior 39 and 7) 


Loss of representation for 
movements of writing 





words, spatial deficits as described above did not seem to 
play a role in her agraphia. 

To meet the narrowest definition of apractic agraphia, 
patients should have normal oral spelling, normal sen- 
sory and motor function in the hand used for writing, in- 
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decipherable letter formation that improves with copy, 
and normal spelling with anagrams. +? Bub and Chertkow? 
have asserted, however, that some patients with apractic 
agraphia can produce well-formed letters, albeit effort- 
fully. The implication of this definition is that apractic 
agraphia may represent various degrees of loss of the 
overlearned motor patterns for writing. Perhaps, with 
time and/or level of severity, some capacity to produce 
letters in an effortful, piece-by-piece manner, heavily de- 
pendent on visual feedback, could emerge. Our patient 
moved from the narrow definition to the broad one? over 
a period of 8 weeks. 

There are few reports of cases of apractic agraphia with 
acceptable lesion definition. In 1973, Heilman and co- 
workers"! reported two complementary cases that car- 
ried a lesson about possible interactions between brain 
systems for language, praxis, and writing. One patient 
was a left-hander with a large right-hemisphere infarct. 
There was left-sided hemiplegia but no aphasia. The right 
hand was apractic. He was unable to write anything with 
the right hand, nor could he type or use anagrams to spell. 
The second case was a right-hander with a large left- 
hemisphere infarction but no aphasia. There was right- 
sided hemiplegia and severe left-limb apraxia. With the 
left hand, he was essentially totally agraphic, unable to 
form letters, and unable to type or use anagrams. Specific 
lesion localization was not possible in either case and was 
tempered in both cases by the presence of anomalous 
features (left-handedness in one, absence of aphasia after 
a large left middle cerebral artery stroke in the other). The 
lesson was, however, clear: there is a brain region neces- 
sary for the efferent motor programs of writing that is 
neurally independent of brain regions involved in lan- 
guage. This efferent writing system might be part of a 
larger functional system necessary for all learned uni- 
manual activities (praxis). 

Since those reports demonstrating impairments in the 
capacity to produce written letters in the absence of 
aphasia or any specific sensory, motor, spatial, or per- 
ceptual deficit, a few additional cases have been described 
that partially define a more precise lesion correlation (Ta- 
ble 3). Interpretation of this literature must be tentative for 
several reasons: (1) few cases have been reported, and 
they have received idiosyncratic evaluations; (2) there is 
heterogeneity even in these few patients’ writing and 
other language behaviors; (3) two of the patients had 
right-hemisphere lesions; (4) at least two had coexistent 
central spelling deficits; and (5) none of the cases had an 
optimally timed CT study. Furthermore, even ideally 
timed CT or magnetic resonance imaging scans may be 
difficult to use for localization because the cortical lesion 
is supraventricular, and lesion localization from CT or 
magnetic resonance imaging in the supraventricular pari- 
etal lobe is difficult for three reasons’: there are no ven- 
tricular reference landmarks; anteroposterior displace- 
ments due to different angles of scanning can be marked; 
and there is considerable individual variability in sulca- 
tion at the end of the sylvian fissure. The available cases 
are summarized in detail in Table 3, but a few points in 
each case require emphasis to clarify the points of agree- 
ment and disagreement among the reports. 

The patient of Valenstein and Heilman’ was left- 
handed with a right-hemisphere lesion and was examined 
only 2 weeks after onset. Spoken language was normal. 
He wrote slightly better with his left hand than his right, 
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but both hands produced generally unrecognizable 
scrawls even when copying. He typed well (other than 
errors due to neglect), had normal oral spelling, and had 
severe bilateral limb apraxia. There was “no gross visuo- 
spatial disorientation,” but no details were provided 
about spatial function. Computed tomography was per- 
formed 2 weeks after onset with contrast, and only the 
two highest slices were published. Without ventricular 
reference, cortical localization is problematic, but the le- 
sion was probably in the superior angular gyrus (area 39) 
and in the superior parietal lobule (area 7). 

Crary and Heilman’ reported a case with a large 
left-sided parietal intracerebral hemorrhage examined 3 
months after onset. The patient had anomic aphasia with 
some comprehension impairment. By strict Western 
Aphasia Battery’ criteria, this was transcortical sensory 
aphasia, but review of the published subtests indicates 
that the comprehension deficit was marginal. She was 
unable to write (hand not specified), but she could copy 
words, spell with anagrams, and spell aloud (however, 
only six words seem to have been tested). There was no 
limb apraxia. There were some spatial and constructional 
deficits and significant visual imagery impairments, es- 
pecially for letter forms. Contrast-enhanced CT obtained 
2 weeks after onset is almost uninterpretable as there is 
still intracerebral clot with ring enhancement, mass effect, 
and edema. The published scan is also too dark to iden- 
tify ventricular landmarks. The lesion seems to center on 
superior angular gyrus white matter underlying the 
superior parietal lobule. The patient was evaluated 2.5 
months after the scan and would certainly have had a 
much smaller, final lesion. 

Levine et alô described a right-handed man with a left- 
sided parietal infarct examined at 4 weeks and almost 3 
months after onset. He had mild anomic aphasia. (There 
was mild bilateral ideomotor limb apraxia with spatial er- 
rors, but there was also difficulty orienting actual objects 
correctly in use.) Writing with either hand, the patient 
initially could form no letters, although copying was bet- 
ter. Anagrams and typing were generally similar to writ- 
ing. By 3 months after onset, the patient was able to write 
letters, even in sentences, although slowly. There were 
severe spatial and constructional impairments and some 
spatial agraphia elements of writing. Oral spelling was at 
only a fourth-grade level, although no data about specific 
profiles were obtained. It is likely, however, that this case 
had a “central,” ie, language-based, spelling deficit co- 
incident with the apractic writing impairment. Computed 
tomography was performed 2 weeks after onset with the 
lesion in the superior angular gyrus region (area 39) and 
perhaps area 7. 

There are two additional relevant cases with apractic 
agraphia and reasonable lesion localization** that cer- 
tainly have an accompanying language-based deficit in 
spelling (see Table 3 for details of language, practic, and 
spatial features). One patient* had an oral spelling profile 
of lexical agraphia,"* ie, normal pseudoword spelling and 
proportionally more impairment in spelling irregular 
words. In addition, he had a marked deterioration in 
writing. There was a lesion in the left superior parietal re- 
gion extending down into the superior angular gyrus. We 
propose that the usual lesion correlation for superim- 
posed lexical and apractic agraphias will be the case that 
overlaps inferior and superior parietal lobules posteriorly. 
It is also possible that there is some neural interdigitation 


250 Arch Neurol—Vol 49, March 1992 





of these two separate functional systems. The other 
patient”? with a language-based spelling deficit was quite 
complex. He was a poorly educated right-hander with a 


severe fluent aphasia after a right-sided parietotemporal « 


infarct. He was only tested early (3 weeks after onset). He 
had an oral spelling impairment that did not fit a specific 
profile, wrote no recognizable letters spontaneously, and 
had severe spatial impairments, although there was too 
little recognizable writing to judge if the agraphia had 
spatial elements. 

In addition to differences in the extent of accompany- 
ing central spelling impairments, the reported cases have 
differed in two other features: the capacity to copy letters 
and the presence of limb apraxia. This variability among 
the cases seems due to a mix of the time after onset, the 
exact lesion site, and one or more idiosyncratically anom- | 
alous features (left-handedness and crossed aphasia). If“ 
the cases in Table 3 are analyzed by time after onset, two 
profiles emerge. In the cases (including the present case) 
studied acutely% (<1 month after onset), writing con- 
sisted of indecipherable marks with some improvement to 
copying in all cases except one, the left-hander with 
severe neglect. Thus, some capacity to copy letters (and 
other single figures) is possible despite. the complete in- 
ability to form them spontaneously. The patient with se- 
vere neglect may have failed to copy because of that ne- 
glect. Anagrams were either untestable (alexia, neglect’) 
or only minimally better than writing. In the cases 
(including the present one) studied postacutely**° (3 
months after onset), writing was possible but effortful and 
slow. Thus, with some recovery, a slow, presumably 
nonautomatic capacity to form letters emerges. At this 
point, comparison with copy is no longer informative. 

All of the acute cases had limb apraxia except the right- 
handed patient with a right-sided lesion.'° Limb apraxia 
was present in three of the four postacute cases, but mild 
in two of those, most apparent as spatial errors in the ac- 
tual use of real objects. In the case with severe apraxia,* 
the lesion was much more extensive in the deep su- 
praventricular parietal white matter than in any other 
case. This patient was also the only one with hemiplegia. 
In any case, the agraphia is not simply caused by the- 
apraxia. 

Despite markedly different assessment methods, all of 
the reports (plus our case) coalesce around a single theme. 
There is a region in the parietal lobe, usually but not in- 
variably the language-dominant one, that directs the ca- 
pacity to generate the learned motor patterns of writing 
in a facile, automatic manner. The region is apparently 
dorsal, in or around the junction of the superior angular 
gyrus and the superior parietal lobule. After lesions in this 
region, the sequence of movements for writing cannot be 
activated despite knowledge of letters, knowledge of how 
words are spelled, and normal sensorimotor function. In 
some cases, slow production of awkward, but recogniz- 
able, letters occurs, and written spelling can even be nor- 
mal with a conscious effort to construct letters bit by bit 
in the absence of automatic retrieval of movement pat- 
terns. 

Other factors that might contribute to agraphia in thes 
patients are spatial capacity and letter form knowledge. 
Although apractic agraphia in the context above would be 
one of several spatially constrained learned motor activ- 
ities, the writing impairment is not a spatial agraphia as 
defined at the outset. The cases reviewed herein that were 
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evaluated in the acute phase, and one? evaluated posta- 
cutely, produced too little recognizable writing to judge 
spatial features. In the postacute phase, spatial deficits 
did not appear prominent in any except perhaps one.‘ 
This suggests that extensive left-sided parieto-occipital 
damage might disrupt perceptuospatial function suffi- 
ciently to produce some spatial agraphia elements, par- 
ticularly the wandering line and spacing deficits. In fact, 
patients with left-sided occipital lesions and alexia with- 
out agraphia often have spatial features: wandering lines 
in writing and impaired constructions. This is not, how- 
ever, identical with spatial agraphia as defined above. 

The issue of letter form knowledge (or letter imagery as 
itis usually called) is more complex, in part because there 
is no standard test of letter imagery. In three of the four 
patients tested it was abnormal, but all four were able to 

t write recognizable letters by 2 to 3 months after onset. We 
used the same test of letter imagery in our patient as in one 
of the earlier reports’; our present patient was normal. 
Impairments in letter form knowledge may be important 
in the efficiency of recovery of writing when conscious 
checking of written output is required, but it does not 
seem to be the cause of apractic agraphia. 

The superior parietal lobules have been implicated in 
spatially and kinesthetically dependent motor impair- 
ments, such as defective visually guided reaching, 
ideomotor apraxia,'* and ideational praxia,” at least as 
that term signifies spatially correct movement with real 
objects. It is likely that the normal performance of any of 
these activities will depend on the anatomical structures 
in the superior parietal region. Mountcastle et al’? dem- 
onstrated that neurons in this area fire before movement 
in preparation for movement in specific directions. It is 
possible that this region is also critical for acquiring new 
motor patterns,” at least for the preferred hand. Our pa- 
tient had markedly impaired motor learning. 

Various spatially and kinesthetically modulated motor 
functions have been impaired in all of the reported cases: 
drawing, constructional capacity, limb praxis, typing, and 
motor learning. These activities may use the capacity of 
the superior parietal region (usually on the left) to gener- 

saje, and perhaps learn, certain classes of movements. Yet 
no patient has been impaired in all of these functions. 
While intrinsically related, functionally and neurally, all 
of these complex spatially constrained capacities may 
have different organizations within the parietal lobe and 
different connections outside of the parietal lobe. Fur- 
thermore, because all of these capacities are learned, there 
may be considerable variation in their cortical organiza- 
tion within the parietal lobe. 


CONCLUSION 


It is possible that most patients with agraphia after left- 
hemisphere lesions have a multidetermined deficit, ie, a 
mixture of various aphasic as well as apractic elements. 
Thus, patients with anomalously organized brains?®!%-13 
may better illuminate the functional independence of the 
linguistic and the motor aspects of writing. The recent lit- 
erature on crossed aphasia” suggests that the value of 

astudying patients with anomalous organization is in de- 
fining exactly those functional distinctions usually 
blurred by anatomical contiguity. Their very anomalous- 
ness, however, makes them problematic for specifying 
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typical brain behavior correlations. Current evidence 
suggests that apractic agraphia is usually due to lesions of 
the left superior parietal region. The deficit evolves in se- 
verity and in extent of compensation over several weeks 
to months. There may be some spatial features to the 
evolved writing, but this is not spatial agraphia as defined 
by current authorities.’* Apractic agraphia is usually 
found with limb apraxia that may evolve to only mild im- 
pairments in orienting objects or even no residual 
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apraxia.” Deviations from this profile will usually be 
due to unusual lesion extensions or frankly anomalous 
cerebral organization of cognitive functions. The role of 
individual variation in the allotment of cortical space for 
various related, but independent, learned motor pro- 
cesses cannot currently be judged. 


This investigation was supported in part by grant DC 00081 from 
the National Institute of Neurological Disorders and Stroke, National 
Institutes of Health, Bethesda, Md, to the Aphasia Research Center 
at Boston (Mass) University. 
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Acute Radicular Pain as a Presenting Symptom 
in Multiple Sclerosis 


Manuel Ramirez-Lassepas, MD; John W. Tulloch, MD; Mario R. Quinones, MD; Bruce D. Snyder, MD 


@ From December 1973 through November 1988, we cared 
for 11 patients who presented with acute radicular pain and 
in whom radicular compression was ruled out by imaging 
techniques. Eventually, multiple sclerosis was diagnosed 
and judged to be responsible for the acute radiculopathy. 
The patients (seven women, aged 18 to 40 years; median, 
32 years) and four men (aged 23 to 34 years; median, 29 
years) were followed up from 6 months to 15 years (mean, 
4 years 11 months). They represent 3.9% of 282 newly di- 
agnosed cases of multiple sclerosis during the same 15 
years. A retrospective analysis of the characteristics of their 
illness and its evolution was conducted. Six had lumbosac- 
ral radiculopathies; three, cervical and two, thoracic. In six 
of the 11 patients, symptoms occurred in close relationship 
to trauma; seven had recurrent radicular pain; four had 
other pain syndromes; and three others, paroxysmal symp- 
toms. One patient died of complications from multiple 
sclerosis 3 years after diagnosis. Three others were rated 
five or greater in the extended Kurtzke disability status scale 
during follow-up. 
(Arch Neurol. 1992;49:255-258) 


+ P ain is a relatively common symptom in patients with 
multiple sclerosis (MS). Its incidence is reported to be 
as high as 83%.'* Limb pains and paroxysmal pains*’ are 
common; however, only a few patients with radicular- 
type pain can be found in the studies in which pain was 
the presenting symptom in MS.?5 
Trauma is considered by some investigators as a pre- 
cipitating factor in the pathogenesis of MS.!°”° Its exact 
role in the cause of the disease remains unresolved?!*; 
however, the medicolegal implications in patients who 
develop MS following trauma are an ever-present chal- 
lenge to neurologists. 
In the 15 years from December 1973 through November 
1988, we saw 11 patients who presented with acute radic- 
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ular pain syndromes in whom root compression was 
ruled out and in whom the diagnosis of MS was eventu- 
ally established. In nine of these patients, trauma pre- 
ceded the onset of symptoms. Since no other cause could 
be established for the radicular pain, we concluded that 
local demyelinating lesions were most likely responsible. 

Because of the paucity of information regarding the 
frequency with which radicular pain is the presenting 
symptom in MS and because of the legal implications of 
the diagnosis of MS on disability and compensation when 
trauma is involved, we believed it important to describe 
our experience. 


PATIENTS, MATERIALS, AND METHODS 


The first patient was seen in December 1973 and the last one 
in March 1988. To establish a case base, we reviewed the diag- 
nostic registry for all new cases of MS diagnosed in the 15 years 
from December 1973 through November 1988 in patients hospi- 
talized in the neurology service at St Paul (Minn)-Ramsey Med- 
ical Center. All 11 patients described in this article were included 
in the registry as having either definite MS (10 patients) or prob- 
able MS (one patient). The charts of these 11 patients were 
carefully reviewed and the patients were interviewed for history 
of neurologic symptoms occurring prior to, or in association 
with, the onset of the radicular pain syndrome. Follow-up was 
conducted by direct interview and examination in nine patients 
and by telephone in two. 


RESULTS 


In the 15 years from December 1973 through November 
1988, there were 282 patients newly diagnosed as having 
either definite (231 patients) or probable (51 patients) MS. 
Of these patients, 102 (36.2%), 74 women (aged 18 to 48 
years; median, 28 years), and 28 men (aged 19 to 47 years; 
median, 30 years) were diagnosed as having MS during 
or following hospitalization for acute or subacute neuro- 
logic symptoms. Eighty of these hospitalized patients 
(78.4%) were diagnosed from December 1973 through 
November 1986 at a rate of six cases per year. From De- 
cember 1986 through November 1988, after the availabil- 
ity of magnetic resonance imaging, 22 (21.6%) patients 
were diagnosed at a rate of 11 cases per year. The 11 cases 
presented here were among these hospitalized patients. 
Nine were personally followed up by us in our neurology 
clinic and two were interviewed by telephone by one of 
us (M.R-L.). Patients were followed up from 6 months to 
15 years (mean, 59 months). One patient moved out of the 
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Table 1.—Clinical Characteristics of 11 Patients With MS Who Presented With Acute Radicular Pain* 


Associated 
Neuro- Previous Neuro- 

Previous logic Radicular logic 
Location Trauma Symptoms Pain Symptoms 


Previous 


Case/Year/ 
Sex/Age, y 


Time 
Until 
Diagnosis, MS 


mo Diagnosis Pain Pain 





1/1973/F/32 Lumbar 
2/1974/M/30 Lumbar 


Lumbo- 
3/1978/F/18 sacral Yes, | No Yes 


4/1979/M/23 Cervical Yes, H No 
5/1980/M/34 Thoracic Yes, | Yes 
6/1982/F/32 


Yes, R Yes No Yes 
Yes, | No No 


Cervical No 


Lumbo- 
7/1984/F/26 sacral No 


8/1985/F/24 Lumbar 
9/1987/F/40 Lumbar 
10/1987/F/35 Thoracic 
11/1988/M/29 Cervical 





Recurrent Other 
Recurrent Non- Paroxys- 
Radicular radicular mal 
Symptoms 


Follow- Dis- 
up, y abilityt 

Yes No 3.0 

Yes 0.0} 





2.04 
5.0 
4.0 
9.0 


6.5 


2:9 
1:5 
2.0 


*MS indicates multiple sclerosis; 1, immediate; R, remote; H, hours; D, definite; and P, probable. 
tOverall Kurtzke scores. 
+Moved out of state. 






Symptoms No. of Patients 


Findings No. of Patients* 














Weakness 
Same distribution 
Other weakness 

Numbness 
Paresthesias 
Urinary retention 


Facial myokymia 


N N wWwWNrH KY NK 


Spasms in paraspinal muscles 


*Patients had more than one associated symptom. 


area and was unavailable for follow-up after 30 months, 
and another died 3 years after diagnosis. 

The clinical characteristics of the patients are summa- 
rized in Table 1. Seven were women (aged 18 to 40 years; 
median, 32 years) and four were men (aged 23 to 34 years; 
median, 29 years, female-to-male ratio of 1.75:1); radicu- 
lopathy was lumbar in four, lumbosacral in two, cervical 
in three, and thoracic in two patients. Four patients had 
had previous neurologic symptoms; two of these had 
radicular-type pain in the same distribution. Seven pa- 
tients had other neurologic symptoms associated with the 
original radicular pain (Table 2). Nine patients suffered 
preceding trauma. In five, trauma occurred immediately 
prior to the onset of symptoms: two suffered falls, and 
pulling, pushing, and lifting heavy objects was the 
precipitating event in the other three patients. A sixth 
patient was assaulted and beaten about the head, neck, 
and back and within hours developed thoracic radicular 
pain. The other patients developed radicular pain 1, 2, 
and 6 months following motor vehicle accidents. All 11 
patients had recurrent symptoms. 

The diagnosis of MS was established in five patients 
within 1 month of onset of symptoms and from 2 to 8 
months in the other six. Seven patients experienced 
recurrent radicular pains; eight had other paroxysmal 
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Cerebrospinal fluid 
y Globulin > 12% of total protein 10 
Oligoclonal bands 
Cerebrospinal fluid pleocytosis 


Abnormal Normal 


Evoked potentials (EPs) 
Visual EPs 6 4 
Brain-stem auditory EPs 


Somatosensory EPs 
*Range, 12% to 18%. 


symptoms. Laboratory investigations are abstracted in 
Table 3 and imaging procedures are shown in Table 
Radicular compression was ruled out by myelography, 
computed tomographic scanning, and magnetic reso- 
nance imaging (MRI) in all patients. 

The course of the disease was malignant in four 
patients, all of whom were wheelchair-bound within 
months of onset and/or diagnosis; one patient died due to 
complicating sepsis 3 years after onset of symptoms. One 
of the patients with a malignant course suffered trauma 
immediately prior to the onset of symptoms and another, 
2 months before. The neurologic status of the patients at 
follow-up is expressed in the ratings of the expanded 
Kurtzke disability status scale in Table 1.” 


COMMENT 


This study is intended as an anecdotal report of 11 in- 
teresting cases observed during a 15-year time span. All 
cases were hospitalized for management of acute radicu- 
lar pain and to establish its cause. It was the failure in es* 
tablishing such a cause that led to the eventual diagnosis 
of MS. It is not our intention to establish the incidence of 
radicular pain and its association with trauma as the pre- 
senting symptom in MS. Not all newly diagnosed cases of 
MS during the 15 years of the study were hospitalized, 
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Table 4.—Imaging Studies in 11 Patients 


Imaging No. 
















Myelograms, 7 (in 5 patients) 







Cervical normal (no radicular compression) 1 
Thoracic normal (no radicular compression) 1 
Lumbar normal (no radicular compression) 5 






Computed tomographic scans, 12 (in 8 patients) 











Head, 4 negative, 3 positive* 7 
Cervical, 1 negative (with myelogram) 1 
Thoracic, 1 negative (with myelogram) 1 
Lumbar, 3 negative (with myelogram) 3 
Magnetic resonance imaging, 5 (in 3 patients) 
Head, 3 positive 3 
Cervical, 1 positive it 
Thoracic, 1 positive Tt 





*Periventricular attenuations. 
tMultiple sclerosis plaques. 


and those diagnosed as outpatients were not investigated 
for history of radicular-type pain and/or history of trauma. 
In addition, we do not know the total number of patients 
hospitalized with symptoms of radiculopathy who had a 
negative workup during the same period of time. Neither 
is this a case-controlled study; these patients were a 
group of selected, interesting cases that came to our 
attention because the diagnosis of MS was made when 
new neurologic symptoms occurred after failure to 
demonstrate radicular compression during original 
workup for radiculopathy. 

The subject of pain and the occurrence of paroxysmal 
events in MS has been extensively studied and 
discussed'*; however, the occurrence of acute radicular 
pain following trauma in the context of concurrent diag- 
nosis of MS has not been discussed in the literature so that 
a review of the subject seems pertinent. 

Albert” reported on two patients who had sciatica as a 
presenting symptom of MS. One of them had a herniated 
lumbar disk; associated trauma was not mentioned. Clif- 
ford and Trotter’ reported on seven patients with root 
pain only, one of whom had a herniated disk, and two 
patients with back pain and sciatica; one of these also had 
a herniated disk, and symptoms were relieved by surgery. 
In the other patient, the symptoms occurred as part of an 
exacerbation of MS and were relieved by corticosteroids. 
Radicular pain was the third most frequent type of pain 
encountered by these investigators in patients with MS 
but they did not mention whether trauma was associated 
with it. 

Von Hoesslin” reported that 59 (11.4%) of 516 patients 
with MS had onset of symptoms after an injury. He found 
trauma to be a precipitating factor in 33% of 109 of these 
patients with acute onset of MS, and he was the first to 
suggest a possible relationship between the site of trauma 
and the level of the lesion. McAlpine and Compston,” in 
1952, reported that 35 (14%) of 250 patients with MS re- 
called having had an injury within 3 months of onset of 
first symptoms. In 22 (61%) of these patients, the site of 
injury was related to the site of the original plaque. Alter 
and Speer” found that 23% of patients with MS were able 
to recall an episode of serious trauma between the age of 
15 years and the onset of MS; this was significantly higher 
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than a control group of patients without MS. Exacerba- 
tions of MS have been reported after severe head and neck 
injuries.” Brain and Wilkinson” described 17 patients in 
whom MS and cervical spondylosis coexisted, and the 
patients had symptoms of cervical myelopathy as well 
as of radiculopathy. The possible correlation of the 
chronic trauma of spondylosis and the location of MS 
lesions was suggested. 

Most studies relating trauma to the onset or exacerba- 
tion of MS are retrospective! !!5.1517,3033; however, Bam- 
ford et al” failed to demonstrate a Statistically significant 
correlation between trauma and the onset and/or exacer- 
bation of MS in a prospective, controlled study. Poser”? 
has submitted a theory regarding trauma as an inductor 
of edema that allows for immunological disruption that 
mediates myelin destruction exacerbating dormant le- 
sions of MS in the brain and in the spinal cord. However 
attractive this theory may be, there is neither experimen- 
tal laboratory data nor epidemiologic data to substantiate 
it at the present time. Thus, the issue remains unre- 
solved.” Prospective, carefully designed, case-controlled 
and epidemiologic studies are needed to help resolve it. 

The medicolegal consequences of the possible associa- 
tion of trauma and the onset of MS are not a new issue; 
Keschner" reported five such cases in 1950. There are no 
standard legal definitions of what constitutes cause and 
effect in the occurrence of a chronic progressive illness 
that ensues after a traumatic event, and scientific truth 
and medical facts may or may not have any pertinence in 
application of law. 

Three of our nine patients in whom the onset of radic- 
ular pain was preceded by trauma were injured at work; 
three were involved in motor vehicle accidents 1 to 6 
months prior to onset; two suffered falls; and one was as- 
saulted. With the exception of the patients involved in 
motor vehicle accidents, the onset of radicular pain co- 
incided with the trauma in all cases. 

As a group, our patients were slightly older than other 
patients diagnosed as having MS during the same period 
of time. They also had a worse prognosis as measured by 
the expanded Kurtzke disability status scale. 

The advent of magnetic resonance imaging has pro- 
vided us with a highly sensitive, noninvasive test to visu- 
alize the central nervous system structures. Magnetic res- 
onance imaging is especially sensitive for demyelinating 
lesions.™* In two of our patients, demyelinating plaques 
were demonstrated within the spinal cord in the appro- 
priate location to explain the symptoms. Since 1986, we 
have used MRI with increasing frequency in the clinical in- 
vestigations of patients with radicular pain as a substitute 
for myelography, which may explain the higher percent- 
age of cases (27.3%) diagnosed in 1987 and 1988. In two of 
the patients, demyelinating plaques within the spinal cord 
were demonstrated (one in the cervical and the otherin the 
thoracic cord); the lesions were believed to be in the ap- 
propriate location to explain the symptoms, assuming that 
alterations in sensory conduction within the spinal cord 
resulting from demyelinating plaques are responsible for 
the pain. In the other three who were studied with MRI, 
only cerebral plaques were visualized. As the use of MRI 
becomes more widespread, the number of cases present- 
ing with radicular pain that eventually will be diagnosed 
as MS no doubt will increase. This will force neurologists 
to reexamine the role of trauma as a possible etiologic or 
precipitating factor in the pathogenesis of MS. 
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Acute radicular pain in the absence of demonstrable 
root compression may not be an uncommon presenting 
symptom in MS; it may be associated with trauma. Lum- 
bar and lumbosacral radiculopathies are more common 
but cervical and thoracic radiculopathies may also 
present. Most patients have other associated symptoms, 
and most patients will have recurrent pain syndromes 
during their illness. This manner of presentation carries 
a poor prognosis for progression of the disease. The 
medicolegal implications require a better understanding 
of the relationships of trauma, pain, and the pathophys- 
iologic mechanisms that trigger the immunologic events 
responsible for MS. 


The study was financed in part by the Ramsey Clinic and the 
Ramsey Foundation, St Paul, Minn. 
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Magnetic Resonance Imaging Lesion Enlargement 
in Multiple Sclerosis 


Disease-Related Activity, Chance Occurrence, or Measurement Artifact? 


Donald E. Goodkin, MD; Jeffery S. Ross, MD; Sharon Vanderbrug Medendorp, MPH; 
Jan Konecsni; Richard A. Rudick, MD 


@ Magnetic resonance imaging (MRI) may demonstrate dis- 
ease activity in a number of ways in patients with multiple 
sclerosis. Newly appearing MRI lesions, gadolinium- 
enhancing lesions, and enlargement of preexisting lesions 
are frequently taken as evidence of disease activity. Further- 
more, serial MRI studies have been stated to be more sen- 
sitive than repeated neurologic examinations in detecting 
disease activity. We assessed the validity of using lesion en- 
largement as a measure of disease activity by repeatedly 
measuring the area of all MRI lesions in four patients with 
multiple sclerosis. The size-frequency distribution in all pa- 
tients was similar, with 80% of the lesions measuring less 
than 0.67 cm?. The median coefficient of variation for three 
successive lesion measurements was inversely related to le- 
sion area, ranging from 22.6% for the more common smaller 
lesions (<0.67 cm?) to 12.1% for larger lesions. Based on 
these coefficients of variation, a change ina particular lesion 
exceeding 45.2% for a baseline lesion smaller than 0.67 cm? 
and 24.2% for a baseline lesion greater than or equal to 
0.67 cm’ should be required to exclude a change due to mea- 
surement variability. It remains necessary to determine the 
number of lesions that must change when multiple lesions 
are present in the baseline MRI to reliably exclude chance 
occurrence when establishing MRI-evident disease activity. 
Guidelines for determining these criteria are presented, as 
are the limitations inherent in the statistical model employed 
to make these determinations. 
(Arch Neurol. 1992;49:261-263) 


Meer: resonance imaging (MRI) represents a poten- 
tially sensitive and objective measure of disease ac- 
tivity in multiple sclerosis (MS). For example, serial brain 
MRI scans demonstrate changes when other widely ac- 
cepted measures of clinical activity and disability remain 
stable in longitudinally evaluated patients with MS." Dis- 
ease activity as measured by serial MRI scans (MRI-evident 
disease activity) can be defined in several ways, including 
(1) appearance of new lesions; (2) disappearance of pre- 
existing lesions; (3) gadolinium-diethylene penta-acetic 
acid enhancement of previously unenhanced lesions; and 
(4) enlargement or reduction in size of previously mea- 
sured lesions. 

Assuming reproducible head positioning,2> MRI- 
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evident disease activity is relatively easy to establish when 
lesions first appear, disappear, or enhance with 
gadolinium—diethylene penta-acetic acid. Change in size, 
however, is more problematic, since it must be clear that 
change ina given lesion exceeds the variability of the mea- 
surement technique. The coefficient of variation (COV)® 
provides a quantitative measure of the variability of mea- 
surement technique, and can be used to help establish con- 
fidence limits for excluding measurement variability as the 
cause of change in lesion size on serial measurements. 

The need to define in advance the number of lesions that 
must expand so that it can be stated with certainty that the 
disease is “active” is more problematic. For example, in 
cases with multiple lesions, a certain number of lesions 
may increase in size by chance alone. 

To our knowledge, no prior studies have reported the 
COV for measuring lesions of various sizes or the number 
of enlarging lesions required to reliably establish disease 
activation when there are multiple lesions. These issues 
are of considerable importance when serial brain MRI 
scans are being monitored in patients with MS who are 
participating in clinical trials. In this study we therefore 
asked the following questions: (1) What is the frequency 
distribution of lesion areas in brain MRI scans of patients 
with MS? (2) Whatis the relationship of the COV of lesion 
area measurement to baseline lesion size? (3) What is the 
magnitude of lesion area change necessary to exclude mea- 
surement variability as the cause? (4) What is the number 
of lesions that are required to change size in MRI scans 
with multiple baseline lesions to exclude chance occur- 
rence as opposed to MRI-evident disease activity? 


PATIENTS AND METHODS 


Brain MRI images were obtained using a 1.5-T magnet (Signa 
system, General Electric, Milwaukee, Wis) to record T,-weighted 
sagittal scout images (500/15; 5-mm slice thickness and 2-mm in- 
terslice gap), spin density, and T,-weighted images (2000/15,80; 
5-mm slice thickness and 2-mm interslice gap). All lesions were 
identified by the neuroradiologist coinvestigator (J.S.R.). Mea- 
surement of all identified cranial MRI T,-weighted lesions was 
then completed manually by a single trained technician dedicated 
to this study using the system’s computer interactive standard 
console. Head MRI scans were obtained from four randomly se- 
lected patient participants in a funded double-blind clinical trial 
of oral methotrexate for progressive MS in which selected mon- 
itoring techniques were being assessed as potential outcome 
measures for future clinical trials. A total of 63 lesions were seen 
in these patients. Area measurements were obtained as a sum of 
the identified pixels. Hard-copy images were obtained for each 
lesion outline and area measurement. Each scan was then remea- 
sured by the same technician without access to prior measure- 
ments on two occasions over a 1-week period, resulting in a total 
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Fig 1.— Distribution of lesion area in patients 1 through 4. Total 

number of lesions, 63: patient 1, n=12; patient 2, n= 11; patient 3, 

n=14; and patient 4, n=26. 
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Fig 2.— Median coefficient of variation (COV). Total number of le- 
sions is 83. 


of three measurements for each of the 63 lesions. The mean and 
standard deviation of each lesion were calculated, and the fre- 
quency distribution of mean lesion size was determined. 

Since relatively few large lesions were present in these four pa- 
tients, 20 additional lesions greater than 2.0 cm? seen in the MRIs 
of five other study participants were identified by the neurora- 
diologist coinvestigator (J.S.R.) and were similarly measured on 
three successive occasions by the same technician to provide suf- 
ficient data to determine the COV of measurement of the larger 
lesions. This resulted in a total of 83 lesions of varying size. This 
83-lesion sample was then arbitrarily split into 3, 4, and 5 equal 
parts based on lesion size. The COV of measurement of lesion size 
was compared for these categorizations using the Kruskal-Wallis 
Test. A significant increase in lesion size was defined as a change 
greater than twice the median COV for that lesion size category. 

A binomial model was used to determine the number of lesions 
required to show significant increase in lesion size when multiple 
lesions were present to ensure that the enlargement was not due 
to chance alone (P<.05). This model assumes that (1) the mean 
lesion areas are normally distributed and (2) changes for multiple 
lesions on a single patient are statistically independent. 


RESULTS 


There were a total of 63 lesions among four patients (Fig 
1). The number of lesions in patients ranged from 11 to 26, 
and the frequency distribution of the lesion areas was sig- 
nificantly skewed, with 80% of the lesions being smaller 
than 0.67 cm? (Fig 1, inset). Lesion areas ranged from 0.03 
to 6.92 cm’. 
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Number of Lesions That Must Show Enlargement for 
Chance Occurrence to Be Excluded as the Cause of 


Magnetic Resonance Imaging-Evident Disease Activity* 






Minimum No. of Lesions 
That Must Enlarge 


Total No. 
of Lesions 


1-2 























3-14 2 
15-33 3 
34-55 4 
56-79 5 
80-105 6 

106-132 7 
133-160 8 
161-189 9 
190-218 10 
219-248 11 
249-279 12 






*P = .025. To determine the number of lesions that must show ` 
enlargement when serial magnetic resonance imaging scans are 
monitored, locate the number of lesions evident on the baseline 
magnetic resonance imaging scan in the left-hand column. The 
number of lesions that must enlarge for chance occurrence to be 
excluded is found opposite in the right-hand column. These calcu- 
lations include the following assumptions: (1) that distribution of 
lesion area is normal and (2) that changes in multiple lesions on the 
same patient are independent. 


The COV for 83 lesions of various size was inversely re- 
lated to lesion area for all categorizations of the data. The 
split into five equal parts optimally depicted the relation- , 
ship between COV and lesion size (Fig 2). The median 
COV was 22.6% for lesions smaller than 0.67 cm? and 
12.2% for larger lesions. 

The number of lesions that must change size for the re- 
liable establishment of MRI-evident disease activity as op- 
posed to change due to chance occurrence increases with 
the number of lesions present in the baseline MRI scan (Ta- 
ble). However, these guidelines for determining the num- 
ber of lesions that must change size are usable only as rea- 
sonable approximations given the assumptions required 
by existing statistical models available to assess this ques- 
tion. Specifically, (1) there should be a normal distribution 
of lesions in the sample studied and(2) changes in indivigy 
ual lesions should be independent of changes in other le- 
sions. 


COMMENT 


Several studies have reported the incidence of MRI- 
evident disease activity in patients with MS who were fol- 
lowed up longitudinally. None of the studies have deter- 
mined the COV of lesion measurement by lesion size or 
addressed the difficulties in establishing confidence limits 
for determining chance occurrence of enlarging lesions in 
scans with multiple lesions. While the need to ensure con- 
sistent head repositioning has been repeatedly stressed, 
the effect of minor changes in repositioning has not been 
rigorously assessed. 

Issac et al! studied seven relapsing patients with serial 
MRIs over 6 months. Eighteen new and 10 enlarging le- 
sions were seen in five patients. Intrarater variability of le- 
sion measurement was determined by repeatedly measu® 
ing a standard set of images at regular intervals. The vari- 
ability was reported to be less than 7% but was not 
reported for lesions of different sizes. The amount of 
change in lesion size required to qualify as “enlarging or 
reducing” was not stated; therefore, it is possible that 
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some of the “enlarging lesions” occurred as a result of the 
variability of the measuring technique rather than because 
of advancing disease. Furthermore, the number of enlarg- 
ing lesions required to exclude chance occurrence was not 
considered. 

Willoughby et al? performed serial cranial MRI in nine 
patients every 2 weeks for 4 to 6 months. The authors re- 
ported a COV for the measurement technique of “6-7%,” 
but the size of the lesions measured and the relationship 
of the COV to lesion size was not reported. While 12 “new 
or enlarging” lesions were noted in six patients, the pos- 
sibility that the enlarging lesions occurred because of mea- 
surement variability cannot be excluded. 

Koopmans et al?” studied eight patients with chronic 
progressive MS with serial cranial MRI examinations every 
2 weeks for 6 months. A total of 86 “new, reappearing, or 
enlarging” lesions were identified during the observation 
period despite the absence of clinical activity. Changes in 
these lesion parameters were determined over serial scans 
by two observers. Only changes that were noted indepen- 
dently by the two observers were recorded. “Smaller” le- 
sions required an enlargement of 70% and “larger” lesions 
an enlargement of 10% for interobserver agreement to be 
achieved. The actual measurements of “smaller” and 
“larger” lesions and the intrarater variability for lesion 
measurement on single scans were not provided. The 
number of enlarging lesions required for patients with 
multiple lesions was not addressed. 

Kesselring et al* studied 50 patients with MS before and 
15 days after treatment with intravenous methylpred- 
nisolone (0.5 g/d administered intravenously for 5 days) 
was initiated. A decrease in the size of a single preexisting 
lesion was seen in seven of the patients on the second MRI 
examination. The paired scans obtained from each indi- 
vidual were considered to change if there was unequivocal 
evidence of appearance or disappearance of one or more 
new lesions, or definite increase or decrease in the size of 
preexisting lesion areas. The intrarater variability of lesion 
measurement and the criteria for change in size of preex- 
isting lesions were not provided. 

Kappos et al studied 74 patients with MS with cranial 
MRI examinations 6 months before and 24 to 32 months 
after therapy was initiated in a controlled trial of cyclo- 
sporine or azathioprine. Both qualitative rating and quan- 
titation of lesion volume showed deterioration in more 
than 40% of the patients. Variability of lesion measure- 
ment and criteria for change in size were not provided. 

Karlik et al’ performed serial cranial MRI examinations 
every 13 weeks or sooner on relapse in 33 patients with MS. 
Measurement errors were less than 5% for lesion diameters 
of greater than 1.3 cm or lesion volumes of greater than 
0.7 mL. Visual inspection (new or enlarging lesions) and 
gadolinium-diethylene penta-acetic acid enhancement 
showed activity in 56 of 113 studies. The variability of mea- 
surement for lesions smaller than 1.3 cm in diameter and 
the criteria for significant change in lesion measurements 
were not provided. 

To our knowledge, this is the first reported systematic 
determination of the COV of measurement of single MRI 
. MS lesions of differing sizes. The results suggest that large 

percentage changes are necessary in smaller lesions before 
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it can be reliably stated that an enlargement is due to MRI- 
evident disease activity rather than to measurement vari- 
ability. Specifically, a change of twice the magnitude of the 
COV would require a change of 45.2% for baseline lesions 
smaller than 0.67 cm? and 24.2% for larger lesions. Itis pos- 
sible that the rate of lesion enlargement has been overes- 
timated in prior reports. 

We remain interested in the following question: How 
many MRI-evident baseline lesions must enlarge before 
the disease can be reliably classified as active by this im- 
aging modality? Answers to this question cannot currently 
be precisely calculated because of the assumptions re- 
quired by existing statistical models that may not be met 
by MRI lesion changes in patients with MS. It is evident, 
however, that the number of enlarging lesions required 
before change can be attributed to biologic activity rather 
than chance will vary depending on the number of base- 
line lesions. The guidelines presented in the Table are 
nonetheless reasonable approximations of the number of 
lesions that must change size to minimize the likelihood of 
chance occurrence. The guidelines in the Table suggest, 
for example, that for a patient with 25 baseline lesions, 
three or more lesions must enlarge before that patient can 
be reliably classified as having disease activation. 

In summary, investigators that use the criterion of en- 
larging lesions on serial cranial MRI examinations to clas- 
sify patients as having active vs inactive disease should rig- 
idly define the requirements for size change in single le- 
sions. Definitions should take baseline lesion size into 
account. Although only an approximation is currently 
possible of the number of lesions that must change size be- 
fore disease activity as opposed to chance occurrence can 
be reliably implicated, this possible confound should also 
be considered by taking the number of baseline lesions 
into account. 


This study was supported in part by grants RG 2109A/B and RG 
2146-A-2 from the National Multiple Sclerosis Society, New York, 
NY (Dr Goodkin). 
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Cytokine Secretion by Multiple 
Sclerosis Monocytes 


Relationship to Disease Activity 


Richard A. Rudick, MD, Richard M. Ransohoff, MD 


© Autoantigen recognition by specific T cells may initiate a 
tissue-specific immune response in multiple sclerosis (MS), 
which is a chronic inflammatory demyelinating disorder. 
During subsequent nonspecific immune amplification, in- 
terleukin 18 and tumor necrosis factor a are released by 
cells of the monocyte/macrophage lineage, with the poten- 
tial to influence profoundly immune regulation systemically 
or within the central nervous system. Regulation of mono- 
cyte inflammatory gene expression may be relevant to the 
pathogenesis of MS. We investigated spontaneous secretion 
of interleukin 18, tumor necrosis factor a, and prostaglan- 
din E, with the use of monocytes that we isolated from pa- 
tients with active (n=9) and stable (n=9) MS and from 
age-matched normal controls (n=9). The patient groups 
with MS were matched for age, duration of MS, and disease 
severity. Patients with active disease were within weeks of 
the onset of a clinical exacerbation. Monocytes were 
isolated by density gradient centrifugation, followed by ad- 
herence to plastic tissue culture flasks, resulting in a highly 
purified adherent monocyte preparation. Monocytes from 
patients with active disease spontaneously secreted less tu- 
mor necrosis factor a and less prostaglandin E, compared 
? with that in patients with stable MS, while interleukin 168 
levels were below the level of assay sensitivity. Levels of in- 
terleukin 18 and tumor necrosis factor « increased to sim- 
ilar levels in response to lipopolysaccharide (0.1 mg/L), in- 
dicating that altered cell viability could not account for the 
observed differences. In response to lipopolysaccharide, 
prostaglandin E, levels increased more significantly in 
patients with stable than active MS, suggesting differential 
sensitivity to stimuli of arachidonic acid metabolism. The 
results documented functional differences between mono- 
cytes that were isolated from patients with active compared 
with stable MS and suggested that peripheral inflammatory 
monokine secretion parallels MS disease activity. 
(Arch Neurol. 1992;49:265-270) 
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Saree lines of evidence suggest that inflammation in 

the multiple sclerosis (MS) lesion is triggered by spe- 
cific immune recognition. Circulating lymphoid ‘cells, 
primarily T lymphocytes and monocytes, appear to reg- 
ulate intrathecal inflammation in MS,‘ a conclusion that is 
supported by the therapeutic effects of immunosuppres- 
sive regimens targeted to these mononuclear cell popula- 
tions.* Immune-initiated inflammatory responses require 
complex intercellular communication, mediated in large 
part by the secretory products of participating cell popu- 
lations. Products responsible for governing cellular inter- 
actions during inflammation belong to a class of multi- 
functional secreted polypeptides, collectively termed 
cytokines. 

After antigen binding, activated T lymphocytes pro- 
duce a first wave of cytokines, such as interleukin 2, in- 
terleukin 4, and interferon gamma (IFN-y). Monocytes 
elaborate a second wave of cytokines in large quantities, 
in response to T lymphocyte-derived cytokines.>+ These 
monocyte products, including tumor necrosis factor a 
(TNF-a) and interleukin 18 (IL-1B) exert significant im- 
munoregulatory effects on circulating cells, including T 
lymphocytes, providing signals that may either amplify or 
inhibit subsequent immunologic events. Additional prod- 
ucts of stimulated monocytes, such as prostaglandins and 
leukotrienes, also affect the activation state of immuno- 
competent cells. This highly complex interaction of over- 
lapping regulatory influences, including synergy, antag- 
onism, and feedback (both positive and negative), has 
been designated the “cytokine network.” 

There is evidence that cytokine secretion by mononu- 
clear cells may vary in concert with MS disease activity. 
In particular, Beck et alô performed a longitudinal evalu- 
ation of 20 patients with MS during both active and sta- 
ble phases of disease and detected a significant relation 
between exacerbations and changes in mitogen-drive 
production of IFN-y and TNF-a by peripheral blood leu- 
kocytes. Dore-Duffy and coworkers* performed longitu- 
dinal studies of monocyte prostaglandin production in 
five patients with MS, and they documented markedly 
reduced prostaglandin release at the onset of exacerbation 
with subsequent return to preexacerbation levels. Cross- 
sectional comparisons of cytokine and prostaglandin 
production by leukocytes from groups of patients with 
MS in active and stable stages of disease have been per- 
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formed by Dore-Duffy and colleagues’ and Merrill and 
coworkers,®? among others. The results of these investi- 
gations have broadly confirmed the findings from longi- 
tudinal studies, by demonstrating aberrant cytokine and 
prostaglandin production, which, in some cases, was re- 
lated to disease activity. 

This observed linkage between cytokine production 
and disease activity supports the notion that systemic 
immunoregulatory events may be integral to formation of 
the demyelinating lesion. The availability of recombinant 
cytokines in an unrestricted amount and purity has 
altered therapy for several neoplastic and viral disorders, 
indicating the feasibility of using these potent mediators 
as therapeutic agents in immunopathologic conditions. 
Further characterization of cytokine and prostaglandin 
production as a function of MS disease activity will be a 
required prelude to therapeutic manipulation of circulat- 
ing cytokines in patients with MS. 

We evaluated cytokine and prostaglandin production 
by highly purified preparations of monocytes that were 
isolated from normal controls or patients with MS during 
periods of stable or active disease. Secreted products were 
quantitated by a highly sensitive enzyme-linked immu- 
nosorbent assay (ELISA), so that exogenous activators 
were not required to stimulate cytokine synthesis to de- 
tectable levels. We found significant differences between 
patients in the active and stable groups, by using this as- 
say of spontaneous cytokine production. 


METHODS 
Study Participants 


Patients were selected from the Mellen Center for Multiple 
Sclerosis Treatment and Research, Cleveland Clinic Foundation 
(Cleveland, Ohio), based on clinical features and their willing- 
ness to donate a sample of blood. All patients met research cri- 
teria for definite MS." Peripheral blood monocytes were isolated 
from patients who were stable (patients with stable MS [n=9]) 
or experiencing acute or subacute exacerbations (patients with 
active MS [n =9]). Healthy controls (normal subjects [n= 9]) who 
were matched for age were studied as a comparative group. All 
patients with MS were categorized as having active or stable 
disease before monocyte studies. Patients in the group with ac- 
tive MS experienced new symptoms accompanied by objective 
worsening of preexisting neurologic impairments or by new 
signs on neurologic examination. Intercurrent illness, such as 
urinary tract or upper respiratory tract infection or slight wors- 
ening of preexisting symptoms, were not taken as evidence of 
clinical exacerbation. Patients with MS or healthy blood donors 
who had ingested corticosteroids, salicylates, or nonsteroidal 
anti-inflammatory drugs within 1 week were excluded from the 
study. 


Isolation and Culture of Monocytes 


Monocytes were isolated from edetic acid (EDTA)- 
anticoagulated whole blood. Blood was brought to a final con- 
centration of 10% dextran. After red blood cells had sedimented, 
white blood cells that remained in the plasma were separated by 
centrifugation at room temperature on a medium (Nycodenz, 
Accurate Chemical, Westbury, NY). Cells that layered at the in- 
terface were transferred by pipette to centrifuge tubes, washed 
twice in Hanks’ balanced salt solution devoid of Mg** or Catt, 
and counted. Cells were transferred to plastic tissue culture 
flasks in a total volume of 5 mL of RPMI medium that was sup- 
plemented with 10% human AB serum (Flow Laboratories-ICN, 
Costa Mesa, Calif) and 1% penicillin/streptomycin/L-glutamine. 
After allowing cells to adhere for 60 minutes at 37°C, nonadher- 
ent cells were removed by washing the flasks four times with 
RPMI medium at 37°C. Under these conditions, 50% to 60% of 
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cells were found to be adherent. Media were free of endotoxin 
by Limulus amebocyte lysate assay (sensitivity, <0.3 ng/mL). 
Monocytes were incubated in 5 mL of media alone (control 
flasks) or with media supplemented with IFN-y, interferon beta 
(IFN-ß), or lipopolysaccharide (LPS) (0.1 mg/L). 


Stimuli for Cytokine Secretion 


Natural IFN-y was obtained from a manufacturer (Green 
Cross, Los Angeles, Calif). Recombinant IFN-ßB was used (Bio- 
feron, Bioferon Biochemische Substanzen GmbH & Co, Lau- 
pheim, Federal Republic of Germany)."! Biologic activity of 
interferon preparations was confirmed by findings from enceph- 
alomyocarditis virus yield reduction assays.'* The LPS from S 
typhosa was obtained froma manufacturer (Difco, Detroit, Mich). 


Monocyte Secretory Products 
The TNF-a, prostaglandin E, (PGE,), and IL-1p levels were 


measured in monocyte-conditioned media at 24 or 48 hours. Af- A 


ter preliminary kinetic studies (see “Results” section), subse- 
quent experiments were done at 24 hours. The TNF-a level was 
measured by a sandwich ELISA with the use of the manufactur- 
er's protocol (T Cell Sciences, Cambridge, Mass). In our hands, 
this assay was sensitive to 25 pg/mL, with a range of 25 to 1000 

g/mL, and a between-assay coefficient of variation of less than 
10%. The IL-18 level was measured by a sandwich ELISA 
according to the manufacturer's protocol (Cistron, Pine Brook, 
NJ). In our hands, this assay was sensitive to 4 pg/mL, with a 
range from 4 to 1000 pg/mL. The PGE, level was measured by a 
competitive-binding radioimmunoassay (Amersham Corp, Ar- 
lington Heights, Ill). In our hands, this assay was sensitive to 
10 pg/mL, with a range from 10 to 160 pg/mL. The interassay co- 
efficient of variation was less than 7%. 


Statistical Analysis 
Data were expressed as in picograms per milliliter per 400 000 
monocytes. Because the data were not normally distributed, we 
used nonparametric statistical tests (Wilcoxon Rank-Sum test, 
Wilcoxon Signed-Rank test, and Kruskal-Wallis test, as appro- 
priate) to determine significance. 


RESULTS 
Characteristics of Patient Participants 


As given in Table 1, there was no significant difference 
in age among the three groups (mean age of controls, 40.7 
years). Duration and severity of MS were similar in the 
two groups with MS. The median duration of disease a€ 
tivity was 4 weeks among the group of patients with ac- 
tive MS. Patients with stable MS had been free of MS 
progression for an average of 2.7 years. 


Viability and Purity of Cell Preparations 


Adherent cells were found to be greater than 95% pos- 
itive for nonspecific esterase by cytochemical stain. Less 
than 3% of adherent cells were positive by fluorescence- 
activated cell sorter analysis with the use of monoclonal 
antibodies that were reactive with a pan-T-cell marker 
(CD2—anti-Leu-5b, Becton-Dickinson & Co, Mountain 
View, Calif) or with a pan-B-cell marker (CD19—anti-— 
Leu-12, Becton-Dickinson & Co). 


Kinetics of TNF-a and IL-18 Secretion 


Figure 1 shows mean TNF-a concentrations in unstim- 
ulated monocyte cultures that were studied at 24 and 48 
hours. For normal controls, the mean+SE TNF-a concen- 
tration decreased from 24.6+6.6 pg/mL per 400 000 mono- 
cytes at 24 hours to 7.21.3 pg/mL per 400 000 monocytes 
at 48 hours. For patients with active MS, the TNF-a con- 
centration decreased from 14.1+3.9 pg/mL per 400000 
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Table 1.—Characteristics of Patients With Active and Inactive MS Disease* 





Duration of Symptoms, wk/ 
















7/41/F 
8/41/F 
9/43/F 





Prog 
ER 
ER/Prog 








*MS indicates multiple sclerosis; EDSS, Expanded Disability Status Score; ER, exacerbating-remitting; 
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Fig 1.— Kinetics of tumor necrosis factor a (TNF-a) secretion. Freshly 
isolated monocytes were cultured for 24 hours (at left) or 48 hours 
(at right). Monocyte-conditioned medium was assayed for TNF-a. 
Significantly lower concentrations of TNF-a are evident in all three 
groups at 48 hours. There are significant differences in TNF-a levels 
between groups with active (shaded bars [n=9]) and stable (open 
bars [n = 9]) multiple sclerosis. Closed bars indicate controls (n= 9). 


monocytes at 24 hours to 3.80.83 pg/mL per 400000 
monocytes at 48 hours. For patients with stable MS, the 
TNF-a concentration decreased from 38.9+9.4 pg/mL per 
400 000 monocytes to 25.1+15.1 pg/mL per 400000 mono- 
cytes at 48 hours. In all three groups, these changes be- 
tween 24 and 48 hours were significant (Wilcoxon Signed- 
Rank test, P<.00001). Similar kinetic data were reported 
by Merrill and colleagues.’ Subsequent cytokine measures 
in these experiments were made at 24 hours. 
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Patient/Age, y/Sex Disease Type Duration of MS, y EDSS Stability, yt 
Active Disease 

1/28/F ER 5 4 1 
2/48/F ER 21 3 4 
3/48/M ER/Prog 28 2.5 15 
4/39/M ER/Prog 95 6 3 
5/40/F Prog 7 6.5 2y 
6/45/F ER 2 


1/28/M ER/St 6 
2/49/M Prog/St 7 
3/39/M Prog/St 17 
4/33/F Prog/St 13 
5/45/F Prog/St 26 
6/58/M Prog/St 18 
7/27/F St 10 
8/37/M ER/St 4 
9/40/F Prog/St 12 


























1 4.5 
6 1 
6.5 2 
7 2 
6.5 3 
7.5 5 
3 2 
15 3 
6.5 2 






Prog, progressive; and St, stable. 
For patients with active MS disease, overall values were as follows: mean age, 41.4 years; female gender, 78%; mean duration of MS, 11.9 
years; mean EDSS, 4.8; and median duration of symptoms, 4 weeks. For patients with inactive MS disease, overall values were as follows: 
mean age, 39.5 years; female gender, 44%; mean duration of MS, 13.3 years; mean EDSS, 4.9: and mean duration of stability, 2.7 years. 

tDuration of symptoms is given in weeks for patients with active MS disease (except for patient 5, given in years). Duration of stability 
is given in years for patients with inactive MS disease. 


Spontaneous and Stimulated TNF-a and IL-1 Secretion 


The TNF-a secretion by monocytes from patients 
with stable MS was significantly higher than secretion 
by monocytes from patients with active MS (Wilcoxon 
Rank-Sum test, P<.01) (Fig 1, at left, and Table 2). In 
view of significant differences between patients with 
active and stable MS in spontaneous TNF-a secretion, 
we evaluated monocyte cytokine secretory capacity in 
response to inflammatory stimuli. We used two sepa- 
rate physiologic stimuli. Preliminary dose-response 
studies, using monocytes from normal individuals, in- 
dicated that 10 U/mL of IFN-y could induce significant 
but submaximal biologic effects (data not shown). The 
TNF-a secretion was stimulated significantly by 10 
U/mL of IFN-y (Wilcoxon Signed-Rank test, P<.0001) 
(Fig 2 and Table 2). Mean TNF-a concentrations in- 
creased significantly in all three subject groups. This 
effect was relatively specific for IFN-y, since IFN-8 
failed to induce TNF-a secretion (Wilcoxon Signed- 
Rank test, P=.2) (Fig 2 and Table 2). 

Monocytes from the three groups were also incubated 
with LPS (0.1 mg/L) to evaluate cytokine secretion in re- 
sponse to a separate category of physiologic stimulus. 
Secretion of TNF-a and IL-18 were markedly increased in 
response to LPS, and the final concentration of secreted 
product did not vary significantly among the three groups 
(Kruskal-Wallis test: P=.57 for TNF-a; P=.95 for IL-18) 
(Fig 3 and Table 2). These results suggested that mono- 
cytes from patients with active MS, in which spontaneous 
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Table 2.—Concentrations of TNF-a, IL-18, and PGE, in Patients With MS and Controls* 
Patients With Active MS 









Patients With Stable MS 















*TNF-a indicates tumor necrosis factor a; IL-1, interleukin 1B; PGE), prostaglandin E2; MS, multiple sclerosis; IFN-y, interferon gamma; 


Cytokine/Condition Controls (n = 9) (n = 9) (n = 9) 
TNF-a/medium 24.6 + 6.7 14.1 + 6.6 38.9 + 9.4 
TNF-a/IFN-yt 34.6 + 5.6 29.4 + 6.1 76.2 + 13.5 
TNF-a/IFN-B+ 22.1 & 5.5 15.4 + 4.3 48.6 + 8.7 
TNF-a/LPS§ 3274 + 461 3384 + 316 3058 + 625 
IL-1B/medium ND ND ND 
IL-1B/LPS 2041 + 305 1911 + 365 1908 + 291 
PGE,/medium 146 + 28 68 + 11 121 + 19 
PGE,/IFN-y 74 + 12 53 = 12 148 + 18 
PGE./IFN-B 84 + 14 DEN 136 + 19 
PGE,/LPS 675 + 149 779 + 254 2290 + 157 





IFN-B, interferon beta; LPS, lipopolysaccharide; and ND, below detectable levels. Data are given as mean+SEM and expressed as pico- 


grams per milliliter per 400000 monocytes. 
tIFN-y, 10 U/mL. 
$IFN-B, 10 U/mL. 
SLPS, 0.1 mg/L. 
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Fig 2.— Interferon gamma (IFN-y)—driven and interferon beta (IFN- 
B)-driven tumor necrosis factor « (TNF-a). Monocytes were cultured 
in the presence of IFN-y (10 U/mL) (at center) or recombinant IFN-B 
(10 U/mL) (at right). Culture media were assayed for TNF-a after 24 
hours. There was a significant increase in TNF-a in response to IFN-y 
but not to IFN-B. Closed bars indicate controls (n= 9); shaded bars, 
patients with active multiple sclerosis (n=9); and open bars, 
patients with stable multiple sclerosis (n= 9). At left, Medium alone. 


Medium Alone 


cytokine secretion was depressed, could respond appro- 
priately to varied inflammatory stimuli. 


Spontaneous PGE, Secretion 


Spontaneous PGE, secretion was significantly reduced 
in patients with active MS compared with normal indi- 
viduals (Wilcoxon Rank-Sum test, P=.01) and patients 
with stable MS (P = .07) (Fig 4 and Table 2). In individual 
cultures, there was no correlation between spontaneous 
PGE; production and TNF-a secretion (Pearson r= —.12, 
respectively), suggesting dissociation of regulatory influ- 
ences for these different monocyte products. 


Stimulated PGE, Secretion 


We evaluated the ability of monocytes from the three 
groups to respond to inflammatory stimuli with altered 
PGE, production. The IFN-y (10 U/mL) significantly 
inhibited PGE, production by cells from patients with ac- 
tive MS and normal individuals (Kruskal-Wallis test, 
P<.001). Similar effects were observed with 10 U/mL of 
IFN-8 (Kruskal-Wallis test, P<.005). Strikingly, this in- 
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TNF-a IL-1B 


Fig 3.—Lipopolysaccharide-induced secretion of cytokines. Mono- 
cytes were cultured in the presence of lipopolysaccharide 
(0.1 mg/L). Tumor necrosis factor a (TNF-a) (at left) and interleukin 
1B (IL-18) (at right) levels were measured after 24 hours. Lipo- 
polysaccharide induced significantly increased TNF-a and IL-1B 
levels in al! three groups. There were no significant differences 
among groups. Closed bars indicate controls (n=9); shaded barsy 
patients with active multiple sclerosis (n=9); and open bars, 
patients with stable multiple sclerosis (n= 9). 
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Fig 4.— Spontaneous monocyte prostaglandin E (PGE) secretion. 
Monocyte-conditioned culture media were assayed for PGE, after 24 
hours. The group with active multiple sclerosis (shaded bars [n = 9]) 
exhibited significantly lower PGE, levels. Closed bars indicate con- 
trols (n=9); open bars, patients with stable multiple sclerosis 
(n=9). 
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Fig 5.—Left, Interferon gamma (IFN-y)—-driven and interferon beta (IFN-B)—driven prostaglandin E, (PGE) secretion. Monocytes were cultured 
in the presence of 10 U/mL of IFN-y (at center) or recombinant IFN-B (10 U/mL) (at right). Culture media were assayed for PGE, after 24 hours. 
IFN-y and IFN-B significantly inhibited PGE, secretion in normal controls (closed bars [n=9]) and the group with active multiple sclerosis 
(shaded bars [n=9]), but not in the group with stable multiple sclerosis (open bars [n=9]). Right, Lipopolysaccharide-driven PGE, secre- 
tion. Monocytes were cultured in the presence of lipopolysaccharide (0.1 mg/L). PGE, levels were measured after 24 hours. Lipopolysac- 
charide markedly induced PGE, secretion in the group with stable multiple sclerosis (open bars [n= 9]). Closed bars indicate controls (n=9); 
shaded bars, patients with active multiple sclerosis (n=9). See text for discussion. 


hibitory effect of interferon treatment was not seen when 
cells from patients with stable MS were studied; a 
tendency to augmented PGE, production was observed in 
cultures that were incubated with either IFN-y or IFN-f 
(Fig 5, left). The LPS (0.1 mg/L) induced increased PGE, 
production by monocytes from all three groups. The 
LPS-induced PGE, secretion by monocytes of patients 
with stable MS was dramatically higher than that by 
monocytes of either normal individuals or patients with 
active MS (Fig 5, right) (P<.0001). 


COMMENT 


Immunologic functions of monocytes may be relevant 
to the pathogenesis of MS in several respects. Circulating 
monocytes exert critical immunoregulatory functions 
through cytokine secretion. Additionally, monocytes give 
rise to perivascular and tissue macrophages" that appear 
to be implicated in the final common pathway of MS- 
related myelin destruction, *° both through phagocytosis 
and by secreting cytokines that may locally promote 
-~finflammation or myelin destruction. Specifically, TNF-a 
may be myelinotoxic or exhibit selective cytotoxicity for 
oligodendroglia.” Therefore, clarification of monocyte 
cytokine production in MS, especially as a function of 
disease activity, may provide data crucial for the design 
of therapeutic interventions. Results of studies, reported 
here, confirm and extend prior investigations of cytokine 
and prostaglandin secretion by monocytes from patients 
with MS. With the use of sensitive ELISAs, we detected 
both IL-1B and TNF-a in supernatants of monocyte 
cultures, without addition of mitogens or inflammatory 
stimuli. 

Spontaneous cytokine production differed significantly 
between patients with active and stable MS. These differ- 
ences could plausibly arise either from influences exerted 
in vivo or from variability in the cells that were isolated 
from the various patient or control groups. To address this 
distinction, we showed that monocytes from both patient 
and control groups produced similar amounts of cyto- 
kines when stimulated with physiologic inflammatory 
stimuli, such as IFN-y and LPS. This observation favored 
the possibility that the in vivo milieu determined the ob- 
served in vitro differences in spontaneous cytokine se- 
cretion. Allowing for variations in cytokine assay, our 
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observation of enhanced TNF-a production by monocytes 
from patients with stable MS is concordant with findings 
from the recent report by Merrill and coworkers.’ In that 
investigation, MS monocytes produced more TNF-a than 
various controls when stimulated with either LPS or 
phorbol ester; the vast majority of patients with MS were 
classified as clinically stable. 

It would at first appear counterintuitive that monocytes 
from patients with clinically stable conditions would se- 
crete more TNF-a or IL-1 than cells from patients with 
clinically active disease. However, the median duration of 
new symptoms in patients whose conditions were classed 
as Clinically active in this study was 4 weeks. Therefore, 
cytokine production by these patients’ cells would be ex- 
pected to be characteristic of the recovery period after ex- 
acerbation. Results of our analysis of monocyte PGE; se- 
cretion support this interpretation: monocytes from our 
patients with clinically active MS secreted less PGE, than 
cells from patients with clinically stable MS. This phe- 
nomenon was described by Dore-Duffy’ and persisted as 
long as 4 months after an exacerbation in her study. In- 
terestingly, cells from patients with stable MS in the 
present study were markedly more sensitive to LPS 
induction of PGE, synthesis than cells from normal con- 
trols or patients with active MS. Enhanced LPS-induced 
synthesis of PGE, could reflect blunted product inhibi- 
tion, as a manifestation of generalized desensitization to 
prostaglandin, as recently suggested by Dore-Duffy and 
Donovan.” Surprisingly, monocytes from patients with 
stable MS in the present study were refractory to inhibi- 
tory signals for prostaglandin synthesis provided by 
interferons, which have been reported to inhibit mono- 
cyte PGE, production. '® Failure to respond to interferon- 
mediated inhibition of prostaglandin synthesis has not 
previously been reported, to our knowledge, and may 
represent an aberrancy of monocyte arachidonic acid me- 
tabolism relevant to the pathogenesis of MS. This lack of 
interferon-mediated inhibition of prostaglandin release 
could not be explained by a general unresponsiveness to 
interferons, since TNF-a was efficiently induced by 
IFN-y. 

We conclude that spontaneous monocyte cytokine se- 
cretion in patients with stable and active MS differs sig- 
nificantly. Our data on PGE, release were similar to those 
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obtained previously by several other groups, supporting 
the notion that cell populations investigated in these ex- 
periments were comparable with those evaluated in prior 
studies. Differences in cytokine-release data were there- 
fore probably evident because of the availability of more 
sensitive ELISA techniques. Definitive characterization of 
cytokine production in relation to MS disease activity will 
require longitudinal studies. 
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Mechanisms of Interhemispheric Transfer and Patterns of 
Cognitive Function in Acallosal Patients of 
Normal Intelligence 


Mariellen Fischer, PhD; Stephan B. Ryan, MS; William B. Dobyns, MD 


© We investigated interhemispheric transfer and cognitive 
function in two boys with normal intelligence in whom 
agenesis of the corpus callosum was identified following 
minor head trauma. In patient 1, magnetic resonance imag- 
ing scan showed agenesis of the corpus callosum and absent 
anterior commissure. Results of visual interhemispheric 
transfer tasks suggested degradation in transfer of informa- 
tion to the left hemisphere. Results of a tactile interhemi- 
spheric transfer task suggested degradation of access to the 
right hemisphere. In patient 2, magnetic resonance imaging 
scan showed agenesis of the corpus callosum and enlarged 
anterior commissure. Results for both visual and tactile in- 
terhemispheric transfer tasks were normal. Dichotic listen- 
ing tests showed a slight left ear advantage in both patients. 
These results support the hypothesis that hypertrophy of the 
anterior commissure is an important mechanism of func- 
tional compensation in agenesis of the corpus callosum. 
However, the relative subtlety of deficits in patient 1 and 
results of dichotic listening tests support use of other 
mechanisms as well. No consistent pattern of cognitive 
deficits was observed. 
$- (Arch Neurol. 1992;49:271-277) 


Dawe of the corpus callosum (ACC) is an uncommon 

brain malformation that is frequently associated 
with mental retardation and other brain and neurologic 
abnormalities. However, at least 15% of patients with 
ACC have normal intelligence (IQ >70).! While the 
developmental origin and structure of the corpus callo- 
sum are well known, its function remains controversial.’ 
Tests of interhemispheric transfer (IHT) in patients fol- 
lowing callosal section confirm an information- 
transmitting function.’ 
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The same tests in acallosal patients with normal intel- 
ligence show more subtle deficits. More general neu- 
ropsychologic test results (eg, memory, language) may be 
abnormal, but no consistent patterns of deficits have been 
observed. Most have had other neurologic abnormalities 
that cloud interpretation of test results such as seizures, 
hydrocephalus, or stroke.‘ Thus, several pertinent ques- 
tions remain unanswered: (1) Does ACC per se result in 
IHT abnormalities? If so, what are the mechanisms of 
functional compensation that explain the relative subtlety 
of the IHT deficit? (2) Is ACC uniformly associated with 
other evidence of brain dysfunction, or can it occur in 
isolation? Similarly, what factors best explain the overall 
functional differences in ACC patients? 

We recently identified two boys with total ACC. The 
condition was identified only after computed tomo- 
graphic scans were performed in response to minor head 
injuries. Both boys were previously considered to be nor- 
mal and the head injuries produced no apparent cognitive 
or neurologic sequelae. This provided an opportunity to 
evaluate IHT and other neuropsychologic function, in two 
patients not ascertained because of ACC-related symp- 
toms. Our goals were to establish whether ACC per se 
results in reduced IHT and other neuropsychologic ab- 
normalities, and investigate possible mechanisms of func- 
tional compensation in these two patients whom we be- 
lieve to be the most “normal” ACC patients reported to 
date. 


METHODS 
Report of Cases 


CASE 1.—An 8-year-old, right-handed boy fell out of a tree 
from a height of about 6 ft, striking his head. He probably lost 
consciousness briefly, but was able to get up and walk soon af- 
ter. He had loss of memory for the event, but some memory re- 
turned later that day. He did not complain of headache or nau- 
sea, and did not vomit. When evaluated at a nearby emergency 
department, he was disoriented, and was believed to have a 
concussion. Computed tomographic scan of the head showed 
findings typical of ACC. He recovered uneventfully, and exhib- 
ited no learning, personality, or behavioral changes after the 
mild head injury. 

His father had macrocephaly (orbital facial circumference 61.5 
cm, which is above the 95th percentile), and reported having had 
poor fine motor and visual motor coordination as a child. Fam- 
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Fig 1.— Cranial magnetic resonance imaging scan of patient 1 at 9 yea 
commissure. The gyri on the medial surface of the brain radiate awa 


rs. Left, Midline sagittal image shows no corpus callosum or anterior 
y from the roof of the third ventricle. Right, Horizontal image at the 


level of the thalami shows a very small or absent anterior commissure (arrow). 


ily history was otherwise normal. Cranial magnetic resonance 
imaging (MRI) scans were normal for both parents. Pregnancy 
and perinatal history was unremarkable. Developmental mile- 
stones were all normal although the boy did not walk until age 
14 months. 

As a young child, he was much more active than his older sis- 
ter but was considered normal. His kindergarten teacher de- 
scribed him as inattentive and distractible, and recommended 
that he repeat the grade (he was one of the youngest children in 
the class with an August birthday). He did well the following 
year in first grade, but fell slightly behind in second grade. Ad- 
ditional reading instruction was recommended. 

On examination, weight, height, and orbital facial circumfer- 
ence (57 cm) were all at or above the 95th percentile. He had a 
large head with a prominent forehead. Neurologic examination 
was normal except for poor fine motor coordination with a mild 
tremor, and slow finger-tapping movements with minimal 
overflow movements of his arms. 

CASE 2.—An 8-year-old, left-handed boy was injured when a 
playmate picked him up and dropped him on the ground, strik- 
ing his head. No loss of consciousness was reported. He stayed 
in school, but later complained of nausea and headache, and was 
taken to a nearby emergency department for evaluation. A mild 
concussion was suspected, and he was sent home. He vomited 
several times that night, and was reevaluated the next day. 
Electroencephalogram was interpreted as normal, but cranial 
computed tomographic scan showed findings of ACC. He 
improved, but continued to have intermittent headaches associ- 
ated with vomiting. These were interpreted as post-traumatic 
headaches, and gradually resolved over the following 6 months. 
Again, no learning, personality, or behavioral changes were de- 
scribed. He also had a head injury resulting in a small occipital 
skull fracture the year before without apparent sequelae. 

Family, pregnancy, and perinatal histories were unremark- 
able. Developmental milestones were normal. He did well in 
school, receiving mostly As and Bs. Occasional staring spells 
were reported, but interpreted as daydreaming and not seizures. 
On examination, weight, height, and orbital facial circumference 
(53.2 cm) were all just above the 50th percentile for age. General 
and neurologic examinations were normal, including normal 
fine motor coordination. 
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Cranial MRI scans on both patients were performed on a 1.5- 


tesla scale (General Electric Signa System) (Figs 1 and 2). Patient ¢ 


1 was tested 5 months and patient 2 was tested 28 months after 
the minor head injuries described above. 


IHT Tests 


Tactile. —The patients were administered three tasks to assess 
the transfer of tactile information from one cerebral hemisphere 
to the other. Ona tactile object-naming task, the blindfolded pa- 
tient was asked to name objects placed in his hand. A total of 
eight objects were presented individually to each hand. On a 
tactile interhand comparison task, 10 objects were presented to 
the patient’s hand that was screened from sight and he was 
asked to use the other hand to choose the same object from an 
array of three objects available. x 

The third task used to assess tactile or, more formally, 
sensorimotor IHT was the intermediate (eight-block) version of 
the Tactual Performance Test.° This measure requires the blind- 
folded patient to place wooden blocks into a formboard first with 
the dominant hand, then with the nondominant hand, and 
finally with both hands together, with time to completion on 
each trial recorded. Additionally, on completion of the trials, and 
after the board has been concealed, the blindfold is removed and 
the patient is instructed to draw the board from memory, indi- 
cating the shapes and their placement relative to one another. 

Visual. —Two sets of stimuli were presented to the patients in 
the right or left visual field. The stimuli were located 3 degrees 
laterally from a midline fixation point, were presented for 150 
milliseconds with a tachistiscope, and consisted of one set of line 
drawings of common objects (six objects)° and one set of simple 
words (12 words). The patient was instructed to name the objects 
or words out loud aš fast as possible; a voice-activated switch 
enabled measurement of reaction time latency in milliseconds. 

Auditory.—Each patient also was administered a conven- 
tional hearing test and dichotic listening tests. Using a diagno 
tic audiometer (Aurora), pure tone and spondee thresholds were 
obtained for each ear. Monaural speech discrimination was de- 
termined for each ear using the digitized Northwestern Auditory 
Test No. 6. The dichotic competing words subtest of the Screen- 
ing Test for Auditory Processing Disorders was given to each 
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Fig 2.— Cranial magnetic resonance imaging scan of patient 2 at 8.5 years. Left, Midline sagittal image shows no corpus callosum although 
the anterior commissure can be seen (arrow). The gyri on the medial surface radiate away from the roof of the third ventricle. Right, Hor- 
izontal image at the level of the thalami shows a very large anterior commissure (arrow). 


patient. This test consists of 26 monosyllabic word pairs pre- 
sented to the right ear and to the left ear with simultaneous on- 
set times. The word pairs are semantically unrelated and are of 
equal duration (+5 milliseconds). The patients were asked to re- 
peat both words of each pair. For 25 items, they were asked to 
first repeat the word presented to the right ear. For the remain- 
ing 25 items, they were asked to first repeat the word presented 
to the left ear. The percentage of errors in the right ear first con- 
dition and in the left ear first condition were obtained for each 
ear. 

The dichotic Staggered Spondaic Word Test also was pre- 
sented to each patient. This test consists of 40 spondee word 
pairs (bisyllabic words with equivalent stress on the two sylla- 
bles), portions of which are simultaneously presented to each 

“ear. The patients were asked to repeat both words of each pair. 
For 20 of the word pairs, the first syllable of the first word is pre- 
sented monaurally to the right ear, the right noncompeting con- 
dition. This is followed by simultaneous presentation of the sec- 
ond syllable of the first word, right competing with the first 
syllable of the second word, left competing. The final syllable of 
the second word is presented monaurally to the left ear for the 
left noncompeting condition. For 20 other word pairs, the order 
of presentation is reversed, with the left ear receiving the word 
pairs first. The percentage of errors for each condition was 
recorded. 


Neuropsychologic Tests 


Level of intellectual functioning was assessed with the 
Wechsler Intelligence Scale for Children-Revised. Abstract con- 
ceptualization and reasoning requiring the patients to solve ab- 
stract problems by systematically generating and testing hy- 
potheses as well as switching sets flexibly was assessed with the 
Wisconsin Card Sorting Test’ and Intermediate Booklet Category 

Test.” The Gordon Diagnostic System Vigilance Task," a com- 
puterized continuous performance measure, provided an as- 
sessment of sustained attention and impulse control. Verbal 
memory was evaluated using a selective reminding paradigm” 
with additional assessment provided by the Memory for Sen- 
tences subtest from the Stanford-Binet Intelligence Scale, fourth 
edition. The visual memory subtest of the Test of Visual- 
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Perceptual Skills’ was used to assess visual memory functions. 
The Developmental Test of Visual-Motor Integration" is a 
pencil-and-paper copying task administered to assess visual- 
motor coordination. Fine motor speed and dexterity were 
assessed bilaterally using the finger tapping test? and grooved 
pegboard," and grip strength was evaluated with a hand dyna- 
mometer. Finger localization and graphesthesia also were ex- 
amined.° Finally, the Woodcock-Johnson Psycho-Educational 
Battery Tests of Achievement were administered to assess these 
patients’ level of development of academic skills. 


RESULTS 
MRI Scans 


Magnetic resonance imaging scans in both patients 
showed total absence of the corpus callosum, prominent 
occipital horns, and atria of the lateral ventricles, and high 
third ventricle. The anterior commissure was absent or 
very small in patient 1, but significantly enlarged in 
patient 2 (Figs 1 and 2). 


Tests of IHT 


Results of testing for IHT of tactile, visual, and auditory 
information in our two patients are summarized below. 
The Tactual Performance Test results are included with 
results of other standardized neuropsychologic measures 
in the Table. Except where noted, the patients’ perfor- 
mances are compared with normative data published in 
the test manuals or elsewhere. Both patients performed 
relatively simple tasks requiring transfer of tactile infor- 
mation without error. 

Patient 1 showed an abnormally large advantage on vi- 
sual IHT tasks for naming simple objects and reading 
simple words when they were presented to his right vi- 
sual field, and thus directly to his left cerebral hemi- 
sphere. His latency and efficiency in naming and reading 
were much reduced when the stimuli were presented to 
his left visual field, suggesting degradation in transfer of 
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TREES 


Neuropsychologic Test Score Score Score Score 





Intelligence 
WISC-R 
Verbal IQ 
Performance IQ 
Full scale IQ 
Abstract/conceptual reasoning 
Wisconsin Card Sorting Test 
Categories 
Perseverative errors 
Failures to maintain set 


Intermediate Booklet Category 
Test errors 


Attention/concentration 


Gordon Diagnostic System 
Vigilance Task 


Total correct 
No. of commissions 
Memory 
Verbal Selective Reminding Test 
Long-term storage 
Consistent long-term retrieval 


Stanford-Binet Intelligence Scale, 
4th ed 


Memory for sentences subtest 
Test of Visual-Perceptual Skills 


Visual memory subtest 
Sensorimotor problem solving 
Tactual Performance Test 
Dominantt hand time 

Nondominant hand time 
Both hands time 
Total time 
Memory 
Location 
Visual-motor coordination 


Developmental Test of 
Visual Motor Integration 


Fine motor functionst 
Finger tapping dominant 
Finger tapping nondominant 
Grooved pegboard dominant 
Grooved pegboard nondominant 
Dynamometer dominant 
Dynamometer nondominant 
Tactual-perceptual functionst 
Finger localization dominant 
Finger localization nondominant 
Finger graphesthesia dominant 
Finger graphesthesia nondominant 


Woodcock-Johnson Psycho- 
Educational Battery 


Reading cluster 
Mathematics cluster 
Written language cluster 
Knowledge cluster 
*WISC-R indicates Wechsler Intelligence Scale for Children- 
Revised. 


+Patient 1 was right hand dominant, patient 2 was left hand dom- 
inant. 
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Fig 3.—Left minus right visual field reaction time (RT) in millisec® 


onds on object-naming and word-reading visual interhemispheric 
transfer tasks for patient 1, patient 2, and normal control boys. The 
error bar on the control boys’ results represents 1 SD. 


the information from the right to the left hemisphere to 
allow the language processes of naming and reading. This 
pattern of results differs from that observed in normal 
adults,°'® and from that seen in a group of normal control 
boys of the same age and socioeconomic background 
whom we tested on the measures (Fig 3). 

Similarly, this patient had marked impairment when 
performing the formboard with his right or dominant 
hand, suggesting degradation of access to the right hemi- 
sphere that is presumed dominant for this type of 
sensorimotor problem-solving task. Marked improve- 
ment to normal functioning for age expectations occurred 
when he repeated the task with his left or nondominant 
hand with direct access to the right hemisphere. We do 
not think that learning of the task and thus facilitated in- 
termanual transfer could account for the magnitude of his 
improvement in performance given a T-score of 18 with 
his right hand but a T-score of 51 with his nondominant 
hand. Also, the degree of additional learning on the last 
part of the test using both hands together was smaller 
than expected, yielding a performance within an impair 
range. This suggests that using the right hand along with 
the left hand actually interfered with performance. 

Patient 2 demonstrated no definite abnormalities of IHT 
compared with the normal control subjects on tachistis- 
copically presented visual tasks (Fig 3). He also performed 
relatively simple tasks of tactile information transfer 
without error. The Tactual Performance Test was per- 
formed more slowly than expected for age. However, he 
showed the expected degree of learning as the test 
progressed from his dominant (left) to his nondominant 
hand, and then to both hands together as reflected in his 
T-scores. In addition, recall for the shapes and their loca- 
tions was normal. Thus, his performance on this test does 
not show a pattern suggesting an IHT deficit. 

Both patients showed normal hearing sensitivity and 
speech understanding with monaural stimuli, and similar 
results on dichotic listening tests. The Screening Test for 
Auditory Processing Disorders performance showed si 
nificant improvement compared with children of similar 
ages in the left ear with left-directed attention.’ Both also 
made significantly more errors compared with peer 
groups for the right competing and right noncompeting 
conditions on the dichotic Staggered Spondaic Word 
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Test.” Left competing and left noncompeting results were 
appropriate for children of similar ages. 

In summary, patient 1 had an absent (or small) anterior 
commissure with subtle but definite abnormalities in tac- 
tile and visual IHT tasks, while patient 2 had an enlarged 
anterior commissure and normal tactile and visual IHT 
function. Abnormalities in dichotic tasks in both patients 
were mild and suggestive of enhanced left ear perfor- 
mance. 


Neuropsychologic Tests 


Results of several other tests of generalized or lateral- 
ized neuropsychologic function given to both patients are 
shown in the Table. The score on each measure and its 
T-score equivalent with regard to age norms obtained 
from the test manuals and elsewhere are shown. 

+ Patient 1 had a full-scale IQ of 82 with slightly better 
nonverbal/visuospatial than verbal/language abilities. 
Both verbal and visual memory functions were mildly 
impaired. However, average to above average perfor- 
mance on a test of abstract conceptualization and 
problem-solving suggested somewhat higher intellectual 
potential. Mild difficulties with sustained attention were 
observed repeatedly, but especially on a computerized 
continuous performance test (Gordon Diagnostic Sys- 
tem). His academic skills were commensurate with ex- 
pectations for level of intellectual functioning except in 
mathematics, which appeared to reflect at least in part his 
difficulties with attention. He also had mild, nonlateral- 

= izing impairment of fine motor coordination, and bilater- 
ally impaired finger localization. 

Patient 2 had a full-scale IQ of 104 with similar devel- 
opment of nonverbal/visuospatial and verbal/language 
abilities. Performance was average on one measure of ab- 
stract problem solving (Intermediate Booklet Category 
Test), but significantly impaired on another (Wisconsin 
Card Sorting Test). Verbal memory was mildly impaired, 
while visual memory functions were significantly above 
average. Mild inattention and impulsivity were seen on 
the continuous performance task. Academic skills were 
well developed and more than commensurate with over- 
all intellectual abilities. Visual-motor coordination with 
the dominant hand was above average. Fine motor and 
tactual perceptual functions fell within normal limits 
bilaterally. 


COMMENT 


Four different hypotheses have been proposed to 
explain how compensation of IHT might take place in 
acallosal individuals. 

These include (1) behavioral cross-cueing strategies, '* 
(2) bilateral representation of function, especially lan- 
guage function,” (3) increased use of ipsilateral path- 
ways,~* and (4) increased use of noncallosal commis- 
sures.“?> In a comprehensive review of these 
mechanisms, Chiarello* found the most support for use of 
noncallosal commissures, but concluded that none of the 
proposed mechanisms could “explain” all of the test 
results. She suggested that several may be jointly respon- 

sible for the level of compensation achieved by some ACC 
patients. Our results extend her observations. 


Behavioral Strategies 


Use of behavioral cross-cueing strategies is an unlikely 
mechanism of compensation because many tests of IHT 
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(especially those with tachistiscopic input) are not ame- 
nable to cross-cueing, and because most information is 
received bilaterally in everyday life so there would be no 
need to develop such strategies. Also, this mechanism 
should lead to increased performance on tests across time, 
in contrast to the stable pattern of deficits described in the 
same individuals.*7° 


Bilateral Function and Ipsilateral Pathways 


Bilateral representation of cognitive functions, espe- 
cially language function, was proposed as a compensa- 
tory mechanism based on results of intracarotid sodium 
amobarbital injection (Wada test) in a single patient,” di- 
chotic listening studies, and lack of anomia in many pa- 
tients for stimuli presented to the left hand or visual field. 
However, only one ACC patient with bilateral represen- 
tation of language confirmed by intracarotid amytal 
injection has been reported. Also, bilateral representation 
of function could not account for the ability of most ACC 
patients to perform transfer of learning and cross- 
integration tests.* 

Increased reliance on ipsilateral motor and sensory 
projections theoretically would allow parallel information 
to be sent to each hemisphere even when the stimuli are 
lateralized.”” Because ipsilateral motor pathways cannot 
mediate discrete independent movements of the distal 
extremities, poor motor control would be expected. The 
presence of synkinetic movements in many acallosal pa- 
tients including patient 1 supports this as a possible 
mechanism of compensation. However, this mechanism 
could not account for the ability of many ACC patients to 
cross-integrate some types of visual information because 
ipsilateral visual pathways do not exist.* 

On dichotic listening tasks, a majority (about 80%) of 
normal, right-handed individuals show a slight (10%) 
right ear advantage. These results have been interpreted 
to mean that the normally weak ipsilateral auditory path- 
ways are suppressed, giving right ear input an advantage 
over left in access to left hemisphere language centers.” 
Studies of patients with section or atrophy of the corpus 
callosum show an exaggerated right ear advantage (or left 
ear deficit), supporting the view that the corpus callosum 
is necessary for transfer of auditory information between 
hemispheres. 16 

In striking contrast, acallosal subjects show reduced ear 
asymmetry and sometimes left ear advantage on dichotic 
tasks. Such results could be explained by either bilateral 
representation of language or functional elaboration of 
ipsilateral pathways.**° 

Under the former condition, each ear should have equal 
access to a language center resulting in no consistent ear 
advantage. Under the latter, suppression of ipsilateral 
auditory pathways would not occur, and input from both 
ears should have direct access to the left hemisphere, re- 
sulting in no ear advantage. In support, studies in hemi- 
spherectomized subjects with congenital injuries indi- 
cated that these subjects make more efficient use of 
ipsilateral pathways than control subjects or later injured 
hemispherectomees.*! With absence of the corpus callo- 
sum, the contralateral pathway might even be at a disad- 
vantage compared with the ipsilateral pathway, explain- 
ing the left ear advantage. 

Dichotic tests in both of our patients showed enhanced 
left vs right ear performance, results not typical for chil- 
dren their age. However, results are consistent with those 
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previously reported in ACC patients. In patient 1, these 
results would be consistent with either bilateral repre- 
sentation of language or left-hemisphere language dom- 
inance with elaboration of left-sided auditory pathways. 
However, other tests support the latter. Patient 1 had a 
significant advantage in naming and reading visual stim- 
uli presented to his right visual field by tachistiscope. Al- 
though representation of language function in the brain 
cannot be determined definitively without use of the 
Wada test, these results suggest that he is left hemisphere 
dominant for language function. This conclusion is indi- 
rectly supported by the pattern of his formboard perfor- 
mance, which suggests that his right hemisphere is dom- 
inant for spatial processing, and thus that his left 
hemisphere is probably dominant for language function- 
ing as would be expected in the most typical pattern of 
functional brain organization. 

As patient 2 is left-handed, and results of tachistiscopic 
and formboard tests were normal, language lateralization 
could not be determined. However, the auditory results 
are similar to those in patient 1 and might be explained by 
enhanced ipsilateral pathways or bilateral representation 
of function. 


Noncallosal Commissures 


The presence of an intact and often hypertrophied an- 
terior commissure in many acallosal brains has implicated 
this structure as a significant compensatory mechanism.* 
An MRI scan of patient 1 showed total ACC with absent 
or very small anterior commissure. Thus, compensation 
via increased numbers of fibers crossing in the anterior 
commissure would not be expected. Several tests of IHT 
showed consistent deficits. An MRI scan in patient 2 
showed total ACC associated with significant enlarge- 
ment of the anterior commissure. Results of all tests of 
IHT were normal, suggesting that the enlarged anterior 
commissure serves as a significant compensatory mecha- 
nism in this boy. 


Associated Abnormalities 


Abnormalities on neuropsychologic testing apart from 
deficits in IHT were observed in most ACC patients pre- 
viously reported to whom these measures were 
administered. If ACC per se were responsible for these 
abnormalities, at least a few consistent deficits would be 
expected. However, few if any consistent deficits are ev- 
ident from the data available. The lack of consistency is 
emphasized by review of verbal and performance IQ 
scores on Wechsler scales administered to most ACC pa- 
tients reported in the literature. About one third had 
higher verbal IQ scores, one third higher performance IQ 
scores, and one third no significant difference between 
them. However, almost all of these patients had other 
brain abnormalities in addition to ACC that could be re- 
sponsible for the test results. 

Both of our two patients demonstrated impairment in 
sustained attention and verbal memory functions. Patient 
1 also had impaired visual memory and finger localiza- 
tion, while patient 2 had mild deficits in abstract problem 
solving and mental flexibility. Because both patients had 
total ACC, no history of seizures, and no other evidence 
of brain abnormalities, they may be considered the most 
“normal” ACC patients reported to date. The mild neu- 
ropsychologic abnormalities observed, especially in pa- 
tient 2, might represent sequelae of ACC, unrelated 
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abnormalities, or even normal variation of neuropsycho- 
logic functions. Regardless, it seems likely that ACC may 
occur without any significant associated defects although 
this must be rare. Thus, most neuropsychologic abnor- 
malities other than of IHT in ACC patients probably result ~ 
from associated developmental or acquired abnormalities 
such as neuronal heterotopias, hydrocephalus, other 
structural brain malformations, or strokes. 


CONCLUSIONS 


Our observations provide the first direct support that a 
hypertrophied anterior commissure is an important 
mechanism of functional compensation. We suspect that 
itis the single most important mechanism in patients with 
total ACC because pathologic studies have shown this to 
be the most common type of ACC.**° Our results also 
confirm that some patients with ACC lack sufficient com-* 
pensatory mechanisms, and thus that ACC per se may 
result in deficits of IHT. The relative subtlety of IHT def- 
icits in patient 1 in comparison to patients with surgical 
callosotomy suggests that other compensatory mecha- 
nisms exist, especially increased reliance on ipsilateral 
pathways and bilateral representation of function. Thus, 
we agree with Chiarello’ that none of the proposed 
mechanisms “explain” all of the test results, and that sev- 
eral may be jointly responsible for the level of compensa- 
tion achieved by ACC patients. 

In addition, our observations suggest that ACC may 
occur without other evidence of brain dysfunction. Sig- 
nificant functional differences between patients probably #3 
result from associated developmental or acquired abnor- 
malities. 


We thank our two patients and their families for allowing us to 
complete all of the above studies. We are grateful to Linda Bernar- 
din for her assistance with administration of the tachistiscopic test- 
ing and to Sharon Hammeke for her assistance in obtaining control 
subjects. We also thank Allan Diefendorf, PhD, and Stephen M. Rao, 
PhD, for reviewing the manuscript. 
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Venous Thromboembolism in Acute Stroke 


Prognostic Importance of Hypercoagulability 


Gianluca Landi, MD; Armando D’Angelo, MD; Edoardo Boccardi, MD; Livia Candelise, MD; 
Pier Mannuccio Mannucci, MD; Alberto Morabito, PhD; Eduardo Nobile Orazio, MD 


© To assess the incidence, risk factors, and clinical impor- 
tance of deep vein thrombosis in acute stroke, we studied 
70 consecutive patients who underwent hemostasis screen- 
ing at the time of entry into the study and followed up these 
patients with serial venous Doppler examinations and the 
iodine 125-labeled fibrinogen uptake test. Mortality was 
significantly higher among the 20 patients who developed 
a deep vein thrombosis, and eight of them had necropsy ev- 
idence of pulmonary embolism. Severity of leg paresis and 
a shortened activated partial thromboplastin time were sig- 
nificantly associated with subsequent deep vein thrombosis 
with multivariate analysis. Significantly higher levels of fi- 
brinopeptide A were found in patients with postmortem 
evidence of pulmonary embolism. Deep vein thrombosis is 
a frequent complication of acute stroke and may influence 
the prognosis by inducing pulmonary embolism. Our find- 
ings allow rapid identification of high-risk patients who may 
benefit maximally from prophylactic treatment of venous 
thromboembolism. 
(Arch Neurol. 1992;49:279-283) 


ees deep venous thrombosis (DVT) is a well- 
known complication of acute stroke, its incidence 
varies considerably across several studies, ranging from 
23% to 75%.'* Venous stasis in the affected leg and 
hemostasis abnormalities, which occur frequently in the 
setting of acute stroke,* probably contribute to the patho- 
genesis of DVT, but the relative role of these and other 
potentially predisposing factors remains unclear. Pulmo- 
nary embolism (PE), the most dangerous complication of 
DVT, occurs in 16% to 37% of patients who suffer an acute 
stroke.*” Because most cases of PE occur several days af- 
ter stroke,* preventive treatment of this important cause 
of mortality and morbidity appears to be feasible. Deter- 
mination of the risk factors of venous thromboembolism 
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may enable us to define a subgroup of patients who would 
gain maximal benefit from prophylactic treatment. There- 
fore, we have prospectively studied the incidence of DVT 
and PE ina group of patients who suffered an acute stroke 
and the effect of various clinical and hemostatic variables 
on this incidence. 


PATIENTS AND METHODS 


We studied 70 consecutive patients hospitalized within 48 
hours after the onset of their first ischemic or hemorrhagic stroke 
in a hemispheric distribution. Patients were excluded if they had 
a subarachnoid hemorrhage, had been bedridden before their 
stroke, were allergic to iodine, or had goiter or evidence of thy- 
rotoxicosis. Informed consent was obtained from all patients in- 
cluded in the study. Computed tomography and blood sampling 
for hemostasis were performed at the time of admission and 
were repeated in survivors on day 5. All computed tomographic 
scans were reviewed by a neuroradiologist (E.B.), who subdi- 
vided them according to disease and the size of the lesions, as 
described in a previous report.* A neurologic examination was 
performed at the time of admission, and the degree of lower-limb 
paresis was rated as follows: absent (normal power), mild (able 
to perform movements against resistance), severe (able to per- 
form movements against gravity), and complete (paralysis or 
only contractions of muscles with no actual movements). Mus- 
cle tone in the paralyzed leg was also assessed as being 
increased, normal, or decreased. Several other clinical variables 
were also determined, and they are listed in Table 1. Hemosta- 
sis variables measured are listed in Table 2. Details of blood col- 
lection and laboratory methods have been previously described.* 
All patients were evaluated daily for the first 10 days to detect 
the presence of DVT, with use of both the iodine 125-labeled fi- 
brinogen uptake method, as described by Kakkar et al,’ and the 
Doppler method, according to the technique reported by Strand- 
ness and Sumner" and Sigel et al." For the I-labeled fibrino- 
gen uptake method performed in the leg, sodium iodide (100 mg) 
was injected intravenously at the time of admission, followed by 
the oral administration of potassium iodide (120 mg/d for 3 
weeks) to block thyroid gland uptake of radioactive iodine. A 
dose of 3.7 Bq of '*I-labeled fibrinogen was administered 
intravenously. Counts were performed daily over the precor- 
dium and at 15 points on each leg with a portable scintillation 
counter (Pitman model 235, Pitman, Ltd, Weybridge, Surrey, 
United Kingdom). The leg counts were expressed as a percent- 
age of the praecordial count, and a difference of more than 20% 
on 2 consecutive days between adjacent points or between iden- 
tical points on each calf was considered evidence of DVT. Dop- 
pler ultrasonic flow studies were performed by the same expe- 
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Table 1-—Age and Sex cae desk and d Clinical 

an om Tom IC inding 

in 70 Patents in Relation. to Later Onset of 
Deep Vein Thrombosis (DVT)* 


DVT No DVT 
(n = 20) (n = 50) P 
70.6 (8.6) 66.6 (10.3) 
Sex, M/F 16/4 34/16 
10 (50) 21 (42) 
3 (15) 8 (16) 
9 (45) 18 (36) 


Variable 


Mean (SD) age, y 


Hypertension 
Diabetes 
Cardiac disease 


Varicose veins and/or 
previous venous 


thrombosis 8 (30) 


7 (35) 


17 (34) 
Impaired consciousness 16 (32) 
Degree of leg paresis 
Absent 0 (0) 
Mild 1 (5) 
7 (35) 


12 (60) 


8 (16) 
9 (18) 
16 (32) 
17 (34) 


Severe 
Complete 


Muscle tone in 
the paretic leg 
Normal 17 (34) 
17 (34) 


17 (32) 


Increased 
Decreased 


Type of lesion on 
CT scan 


Infarct 17 (85) 


3 (15) 


35 (70) 
Hemorrhage 15 (30) 


Size of lesion on 
CT scan 


Small 
Medium 
Large 


22 (44) 
17 (34) 
11 (22) 


*Values are number (percent) unless otherwise indicated. NS in- 
dicates not significant (P > .05 in all cases). 
ty? for trend = 7.01. 





rienced operator with a transcutaneous direction flowmeter 
(Parks model 9000, Parks Electronic Laboratory, Beaverton, 
Ore). The audible signals reflected from the common and super- 
ficial femoral veins and from popliteal veins were observed dur- 
ing normal respiration and during flow augmented by calf com- 
pression. Augmentation of the common femoral vein signal by 
thigh compression was also noted. Absence of a flow velocity 
signal at the expected location, or persistently decreased or ab- 
sent augmentation of the venous flow signal, was considered to 
be diagnostic of DVT. Distal vein thrombosis was diagnosed if 
at least the "I-labeled fibrinogen uptake test yielded positive 
results, whereas abnormal Doppler findings were required to 
establish the presence of proximal vein thrombosis. 

No patient received anticoagulant drugs before the diagnosis 
of DVT; all received physiotherapy and were mobilized as early 
as possible. All patients were followed up for 2 months or until 
death or discharge; those who died underwent autopsy to assess 
the presence and extent of PE and its role in causing death. 

All hemostasis results were transformed to the natural log be- 
fore statistical analyses were performed to obtain data with a 
normal distribution. Unless specified, results are presented as 
geometric means and SDs. The significance of the difference be- 
tween means was tested with two-tailed t tests for unpaired data. 
Proportions were compared with the x? test with Yates’ Correc- 
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Table 2.—Results of Hemostasis Measurements 
on Admission in Relation to Later Onset of 
Deep Venous Thrombosis (DVT) 


DVT No DVT 
(n = 20) (n = 50) 
0.465 + 0.0407 0.451 = 0.048 
221 + 54.1 227 © 61.7 
0.86 + 0.14 0.91 + 0.12 


Variable 





Hematocrit 
Platelets, x 100°/L 
Platelet aggregate ratio 


Thromboxane B, ng/10® 


platelets 363 + 210 310 + 199 


B-thromboglobulin, 


ng/mL 605-4355 62.4 + 41.2 


Prothrombin time (ratio 
of patient to normal 


plasma clotting time) 1.04 + 0.09 


Activated partial 


thromboplastin time 
(ratio of patient to 
normal plasma 
clotting time) 


0.85 + 0.09 
4.21 + 1.58 


0.91 + 0.10 
Fibrinogen, g/L 3.53 + 1.14 


Factor VIII coagulant 


activity, % 278 + 206 202 + 80.7 


von Willebrand factor 


antigen, % 305 + 183 285 + 163 


Fibrinopeptide A, 
ng/mL 16:3 1722 8.01 + 9.67 


Antithrombin III, % 97.6 + 11.0 93.5 + 15.4 
Fibrinogen degradation products, ng/mL 
Median 2 


No. of cases with 
levels >8 





*NS indicates not significant (P > .05 in all cases). 


tion for Continuity. Multivariate regression analysis was per- 
formed, according to logistic model,” to evaluate the discrimi- 
nant power of hemostasis variables, in association with the 
degree of lower-limb paresis, to predict the occurrence of DVT. 
The first-order interaction terms of variables significantly asso- 
ciated with the occurrence of DVT were introduced into te 
multivariate regression analysis to test their independence. To 
determine the degree to which multivariate regression analysis 
could predict the risk of DVT, our population was divided into 
quartiles according to this risk, and the numbers of expected and 
observed DVTs were ascertained for each quartile. Finally, a 
curve was plotted, as computed by multivariate analysis, to 
graphically represent the expected proportion of patients devel- 
oping a DVT according to the results of the activated partial 
thromboplastin time (APTT) and to the degree of lower-limb 
paresis. 


RESULTS 


The patient group comprised 50 men and 20 women 
who ranged in age from 38 to 91 years (mean, 67.7 years). 
Fifty-two patients suffered an ischemic stroke and 18 suf- 
fered a cerebral hemorrhage (Table 1). A DVT was diag- 
nosed in 20 of the paralyzed legs (28.6%). The interval 
between stroke and onset of DVT is presented in Fig 1; i 
no case was DVT present at the time of entry into the “ 
study. In two patients, DVT was bilateral, but it never oc- 
curred in the nonaffected leg alone. Deep venous throm- 
bosis was limited to the calf (distal DVT) in 12 patients 
(including the two with bilateral DVT), whereas in six 
cases it spread from the calf to the veins of the thigh and 
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Fig 1.—Intervals between the onset of stroke and the detection of 
deep vein thrombosis. 


in two others it involved only the proximal veins (proxi- 
mal DVT). In the five patients in whom it was performed, 
phlebography confirmed the presence and extension of 
DVT, as previously diagnosed with the I-labeled fibrin- 
ogen uptake test or the Doppler technique. Among all the 
predisposing factors listed in Table 1, only the degree of 
paralysis was positively correlated with later occurrence 
of a DVT (P<.01). Results of hemostasis measurements, 
reported in Table 2, revealed more signs of hypercoagu- 
lability at the time of admission in patients who would 
eventually develop a DVT, reflected by a lower ratio of the 
APTT (P=.014) and by higher plasma levels of fibrinogen 
(P=.049) and fibrinopeptide A (P=.018). A multivariate 
regression analysis showed that among all considered 
predisposing factors—clinical and hemostatic—only the 


- severity of leg paresis and a shortened APTT were inde- 


pendently associated with later occurrence of DVT (Table 
3). The distribution of APTT values according to later oc- 
currence of DVT is presented in Fig 2. Values of 0.85 or 
less were found in 14 of 20 patients with DVT compared 
with 14 of 50 patients without DVT (x?=8.82, P<.005). 
Use of the logistic coefficients from the multivariate anal- 
ysis generated the figures of expected DVTs in each quar- 
tile of risk (Table 3). The remarkable agreement between 
expected and observed numbers of DVTs in each quartile 
demonstrates the goodness of fit of our multivariate anal- 
ysis to data. Further elaboration of the multivariate anal- 
ysis results allowed us to estimate the expected propor- 
tion of patients developing DVT, according to degree of 
leg paresis and to APTT results (Fig 3). 

Fifteen of the 20 patients who had developed a DVT 
died during hospitalization, whereas only 18 deaths were 
observed among patients without DVT (x?=7.22, 
P=.007). Necropsy evidence of PE was found in eight 
(24.2%) of the 33 dead patients, all of whom had a DVT; 
in five of them, it was considered to be the main cause of 
death, with the other three patients already having been 
comatose and showing evidence of brain herniation. The 
interval between the diagnosis of DVT and death ranged 
from 1 to 7 days (median, 3 days) in the eight patients with 
PE and from 1 to 8 days (median, 2 days) in the other 
seven patients without necropsy evidence of PE. As 
shown in Table 4, age and degree of leg paresis were not 
significantly associated with necropsy evidence of PE, nor 
was a distal or proximal location of DVT, although the 
latter condition was associated with a 2.5 times higher risk 
of PE. Among hemostasis measurements associated with 
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Table 3.—Variables Associated With Deep Venous 
Thrombosis in Multivariate Regression Analysis* 













Variable Coefficient Z P 









Degree of leg paresis 0.94 2.51 «02 
Activated partial thromboplastin 
time 5779 —2.26 .024 









3.81 1.26 2.09 


*Goodness of fit of multivariate regression analysis in the 
prediction of observed/expected DVTs were as follows: 1/2.2 for 
first quartile of risk, 6/4.0 for second quartile of risk, 8/8.5 for third 
quartile of risk, and 5/5.3 for fourth quartile of risk. 





APTT Ratio 





DVT 
(n=20) 


No DVT 
(n=50) 








Fig 2.—Activated partial thromboplastin time (APTT) values (ratio) at 
the time of entry into the study according to the presence or 
absence of later deep vein thrombosis (DVT) (x?= 8.82, P<.005). 


subsequent DVT (see Table 2), only the fibrinopeptide A 
level at the time of admission was significantly related to 
later occurrence of PE. Fibrinopeptide A values higher 
than 10 ng/mL were found in six of eight patients with PE 
compared with 12 of the 62 patients who survived or had 
no necropsy evidence of PE (x*=8.76, P<.005) (Fig 4). 


COMMENT 


Although DVT is a frequent complication of acute 
stroke, only a few studies have examined the roles of its 
predisposing factors in this setting, with inconclusive 
findings. Warlow et al concluded that their results did 
not allow identification of patients at higher risk for DVT. 
With respect to lower-limb paresis, Warlow et al found an 
equal incidence of DVT in patients with complete paral- 
ysis and in those with retention of any degree of volun- 
tary movement. Gibberd et al'* stated that muscle power 
in the weaker leg was unrelated to the tendency to 
develop DVT in their patients, but their small number of 
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Probability 





0.7 0.8 0.9 1.0 i 
APTT Ratio 


Fig 3.—The expected probability of patients developing deep vein 
thrombosis according to degree of leg paresis (open squares, 
absent; solid circles, mild; solid squares, severe; and open circles, 
complete) and to activated partial thromboplastin time (APTT), as 
computed by multivariate analysis. 






Table 4.—Clinical and Hemostatic Findings in Patients 
With Deep Venous Thrombosis (DVT) in Relation to 
the Occurrence of Pulmonary Embolism 

















No 
Pulmonary 
Embolism 
(n = 12) 


Pulmonary 
Embolism 


Variable (n = 8) 












Site of DVT (proximal/ 
distal), No. 5/3 3/9 NS 


Age mean, y 68.8 38 NS 


Degree of leg 
paresis, No. 


Absent 
Mild 


Severe 





NS 


wa N= O 
Nao © 


Complete 


Activated partial 
thromboplastin time 
(ratio of patient to 
normal plasma 
clotting time) 

Fibrinogen, g/L 

Fibrinopeptide A, 
ng/mL 28.1+19.3 84+ 10.3 .008t 


*NS indicates not significant (P > .05 in all cases). 
tt = 2.98. 


cases may account for this finding. On the other hand, in 
a more recent report, only patients with severe paralysis 
developed DVT." Our findings support the conclusion of 
the latter investigation, because we demonstrated a 
significant relationship between growing severity of 
lower-limb paresis and the incidence of DVT, with 95% of 
DVTs developing in patients with severe or complete leg 
weakness. The important role of leg weakness is strength- 
ened by our finding as wellas findings of others that DVTs 
occurring after acute stroke are almost always confined to 
the affected leg. Two factors may contribute to this as- 
sociation, namely, the decrease of venous flow velocity 
due to reduction of the normal blood pumping action in 
severely paretic calf muscles and damage to the vessel 


0.85 + 0.10 0.85+0.10 NS 
4.60 + 2.09 3.95+1.16 NS 
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FPA, ng/mL 





PE No PE 








(n=8) (n=62) 
L 


Fig 4.—Fibrinopeptide A (FPA) levels at the time of entry into the 
study in patients according to the presence or absence of pulmo- 
nary embolism (PE) at necropsy (x?=8.76, P<.005). 





wall following prolonged external pressure on an immo- 
bilized limb. 

Besides venous stasis and vessel wall abnormalities, 
changes in blood constituents represent the third element 
of Virchow’s classic triad predisposing to thrombosis. 
However, few publications have attempted to relate he- 
mostasis function in acute stroke to the development of 
DVT. Higher fibrinolytic activity in hemiplegic limbs has 
been reported, but it was not confirmed by others.” In 
another study, platelet adhesiveness was significantly 
lower in patients with subsequent DVT, whereas other 
hemostatic variables were of no predictive value.’ Oure 
findings demonstrate a significant association between 
hypercoagulability at the time of entry into the study (as 
expressed by a shorter APTT) and later DVT. Hypercoag- 
ulability, which is common after stroke,* would thus fa- 
vor onset of thrombosis in the veins of severely affected 
legs, as confirmed by results of multivariate regression 
analysis showing that severity of limb paresis and a 
shortened APTT are independently associated with oc- 
currence of DVT. The incidence of DVT in our series was 
lower than that reported in most previously published 
investigations**; yet, a substantial proportion of our 
patients (28.6%) developed this complication, and, more 
importantly, the occurrence of DVT was associated with 
increased mortality. Although worse neurologic condi- 
tions may partly account for this higher death rate, eight 
of the 33 dead patients had necropsy evidence of PE, 
which was the main cause of death in five of them. Thus, 
7.1% of our patients experienced fatal PE, which ac 
counted for 15.2% of all deaths, a frequency that is in line 
with those of other autopsy series ranging from 10% to 
18% .”°2! The overall incidence of PE was probably higher 
than that estimated by necropsy alone. Previously pub- 
lished studies did not report on the incidence of nonfatal 
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PE in acute stroke, and we, too, are unable to comment 
on this point, as we were unable to perform repeated lung 
scans in our often critically ill patients. Several studies 
have addressed the problem of DVT prophylaxis in acute 
stroke. Although hypercoagulability occurs early after 
stroke, DVT prevention may be feasible, as almost all 
cases have a later onset. Low-dose calcium heparin ther- 
apy, which has been shown to be effective in the preven- 
tion of postoperative venous thromboembolism,” has 
been tested either alone or in combination with dihydro- 
ergotamine mesylate. + All of these trials concluded that 
low-dose heparin therapy significantly reduced the inci- 
dence of DVT after acute stroke, and, more recently, a 
low-molecular-weight heparinoid demonstrated equal ef- 
fectiveness. However, none of these investigations re- 
ported a significant reduction of PE among treated pa- 
tients. Only McCarthy and Turner™ in another study 
observed a 58.4% reduction of PE with low-dose heparin 
therapy among subjects undergoing necropsy. However, 
the unusually high prevalence of PE in their control group 
(70.2%) makes it unlikely that this was the main cause of 
death in all cases. Therefore, the clinical efficacy of hep- 
arin therapy remains difficult to determine, more so be- 
cause, in the latter study, its beneficial effect was confined 
to patients with milder strokes. Although low-dose hep- 
arin therapy has not been associated with untoward 
effects in published trials, the unavailability of early com- 
puted tomographic scanning and concern about hemor- 
thagic transformation of cerebral infarcts, particularly if 
large and embolic, underscore the opportunity to 
limit this prophylaxis to a subset of high-risk patients. 
Our finding that elevated (>10 ng/mL) levels of fibrin- 
opeptide A—a sensitive marker of in vivo 
hypercoagulability—at the time of entry into the study 
are associated with subsequent PE may help to identify 
such a subgroup, as its negative predictive value was 
96.2% (the positive predictive value was only 33.3%). 
This association, however, is based only on a small 
number of events and should be considered prelimi- 
nary; moreover, prompt determination of fibrinopep- 
tide A levels can be performed only in few specialized 

- coagulation laboratories. At present, prophylactic treat- 
ment should be administered to patients who suffer 
acute stroke and who exhibit severe leg weakness and 
to those with a shortened APTT. The data summarized 
in Fig 3, linking the probability of DVT to these two 
factors, may represent a guideline to assist in therapeu- 
tic decisions. 


We thank Luigi Grilli for his help in manuscript preparation. 
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Risk Factors for the Neurologic Complications 
Associated With Aortic Aneurysms 


David R. Lynch, MD, PhD; Ted M. Dawson, MD, PhD; Eric C. Raps, MD; Steven L. Galetta, MD 


e We reviewed the incidence of neurologic complications 
in 200 consecutive patients with aortic aneurysm or aortic 
dissection. In this 2-year period, neurologic impairment 
developed in 18.5% of these patients, and in 10 patients 
neurologic dysfunction heralded aortic rupture or dissec- 
tion. Those patients with abnormal neurologic examinations 
at presentation frequently had aneurysm rupture or dissec- 
tion and a mortality rate of 54%. Patients with thoracic or 
thoracoabdominal aneurysms were more likely to have 
neurologic complications than those with abdominal aneu- 
rysms. The most common complications were focal central 
nervous system ischemia, followed by disorders of con- 
sciousness and peripheral nerve complications. In patients 
who had elective aneurysm resection, female sex, aneurysm 
location, and intraoperative hypotension were risk factors 
for focal central nervous system ischemia. We conclude that 
neurologic complications depend on aneurysmal location, 
occur at various levels of the nervous system, and frequently 
develop when the intraoperative mean arterial pressure falls 
below 55 mm Hg. 
(Arch Neurol. 1992;49:284-285) 


ortic aneurysm is a serious vascular disorder with a 
lifetime incidence of 2% to 6% and a 1-year mortal- 
ity rate approaching 75% in untreated patients with tho- 
racoabdominal aneurysms.'? Improved surgical tech- 
niques have increased long-term survival,** and body 
ultrasound and computed tomography (CT) have facili- 
tated rapid diagnosis. Still, the mortality rate from rupture 
or dissection remains high and has even increased in 
some studies.” 

Neurologic complications of aortic disease occur at 
many levels of the nervous system,*® but most studies 
emphasize spinal cord damage.’ In thoracoabdominal 
aneurysm repair, the probability of spinal cord ischemia 
is a function of patient's age, aneurysm size, aortic cross- 
clamp time, and the presence of rupture or dissection. ' 
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Recently, intraoperative somatosensory evoked poten- 
tials have been used in an attempt to reduce neurologic 
sequelae,” but morbidity remains high.'”' We reviewed 
our recent experience with neurologic complications of 
aortic disease and the characteristics that predicted neu- 
rologic dysfunction. 


PATIENTS AND METHODS 


Two hundred consecutive patients with the discharge diag- 
nosis of aortic aneurysm, ruptured aortic aneurysm, or dissec- 
tion were reviewed. Patients were discharged from the Hospital 
of the University of Pennsylvania between July 24, 1987, and 
August 9, 1989, and were excluded if the aneurysm was a pre- 
viously documented finding not relevant to the admission. All 
patients underwent aortography at the Hospital of the Univer- 
sity of Pennsylvania or a referring institution; many had abdom- 
inal CT scans or ultrasound examinations as well. Aneurysms 
were classified by diameter, location, and the presence of rup- 
ture or dissection. Thoracic dissections were classified as type A 
(involving the aortic arch) or type B (distal to the arch). Five 
patients had autopsies performed. Patient characteristics re- 
corded were age, sex, hypertension, smoking history, diabetes, 
previous myocardial infarction, previous stroke, presenting 
symptoms, admission physical examination, lowest mean intra- 
operative blood pressure, and estimated blood loss. $ 

History and physical examination were used for the determi- 
nation of neurologic complications with head CT, magnetic res- 
onance imaging, electroencephalography, somatosensory 
evoked potentials, electromyography, and angiography provid- 
ing confirmatory information. 

Data were analyzed by the unpaired Student's t test for con- 
tinuous data and by x? analysis or Fisher's Exact Test for 
categorical data.” 


RESULTS 


Of the 200 patients selected, 134 presented with ab- 
dominal aneurysms, 34 with thoracic, and 32 with thora- 
coabdominal. Twenty-five presented with dissections (15 
type A, 10 type B) and 13 with ruptured aneurysms. One 
hundred seventy had surgery. Twenty-five were treated 
medically (seven thoracic, 13 thoracoabdominal, and five 
abdominal), four died before surgery (two thoracic, two 
thoracoabdominal), and one patient with an abdominal 
aneurysm had balloon angioplasty of his renal artery. 
Among the patients who underwent surgery, 128 had re- 
section of an abdominal aneurysm, 31 had resection of a 
thoracic or thoracoabdominal aneurysm, 10 had a thoracic 
aneurysm resected with aortic valve replacement, and 
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Mean(=+SD) 
Age, y 


Aneurysm Patients, 


Location 








Total 68+10 
Thoracic 64+14 
Thoracoabdominal 68+8 
Abdominal 69+8 


*This table shows the location of the aneurysm and the percentage of each group with history of cigarette smoking (SM), hypertension 
(HTN), a previous myocardial infarction (MI), diabetes mellitus (DM), or a previous stroke (cardiovascular accident [CVA]). The percent 
who were men, who underwent aneurysmectomy (OR), and who died during the hospitalization are also shown. 


Without With 
Dissection Dissection 
Total or or 


Complication Events Rupture Rupture 





Central nervous system 
ischemia 


Spinal cord 

Brain 

Optic nerve 
Peripheral nerve 


Vocal cord 
paralysis 


Plexopathy 
Neuropathy 
Diffuse 


Encephalopathy 


Seizure 
Coma 
*Thirty-seven patients had a total of 50 distinct neurologic com- 


plications that are subdivided into those with or without dissection 
or rupture. 


% one patient had a thoracic aneurysm wrapped. Thirteen 
patients underwent cardiopulmonary bypass and circu- 
latory arrest during surgery. 

Twenty-four patients died during their hospitalization; 
six died preoperatively and 18 postoperatively. The mean 
age was 68 years (range, 32 to 91 years); 76.5% were men 
(Table 1). Ninety-one percent had at least one cardiovas- 
cular risk factor and 59% smoked. One patient had a my- 
cotic aneurysm but no patient had the Marfan syndrome 
or active syphilis. Six patients had myocardial infarctions 
during the study and 31 had arrhythmias. The overall 
mortality was 12%, with the highest rates among those 
with thoracic and thoracoabdominal aneurysms and 
among those presenting with dissection (32% mortality) 
or rupture (61% mortality). 

A total of 37 patients developed 50 separate neurologic 
complications (Table 2). By univariate analysis, the ana- 
tomic location of the aneurysm and the presence of dis- 

4 section or rupture were predictive of a neurologic com- 
plication (Table 3). The development of a myocardial 
infarction also predicted a neurologic complication 
(P<.001) as five of six patients with myocardial infarctions 
developed neurologic sequelae. 

Twenty patients developed ischemic central nervous 
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All 
Patients 
With At After 
Compli- Presen- Presen- 
cations tation tation None 


Total 37 13° 28* 163 
Aneurysm location 

Thoracic an 

Thoracoabdominal 

Abdominal 


Aneurysm status 





Ruptured 


Dissected 


Intact 





*Four patients (two dissected thoracoabdominal, one ruptured 
abdominal, and one intact abdominal) had separate complications 
at presentation and subsequently during their hospital course. 
Both aneurysm location (P<.05) and status (P<.01) differ signifi- 
cantly between patients with or without complications. 


system complications. Six involved the spinal cord, 13 the 
brain, and one involved the optic nerve. In nine patients 
CT of the head or magnetic resonance imaging scans con- 
firmed the location of the stroke, while autopsy revealed 
the location in two patients. Two cerebral infarcts were 
watershed events, while one patient had multiple strokes 
suggestive of embolic infarctions. 

Seven peripheral nervous system events were found. 
Two patients had vocal cord paralysis and five hid other 
peripheral nerve lesions. Two of these lesions were doc- 
umented by electromyography. One plexopathy was 
caused by compression from a hematoma, two neuropa- 
thies were ischemic, and in two other patients the cause 
was unclear. 

Alteration of consciousness was a common complica- 
tion. Fifteen patients developed encephalopathies during 
their hospital course. In 13 of these patients the enceph- 
alopathy lasted more than 24 hours. Electroencephalog- 
raphy was bilaterally slow in two cases and no specific 
abnormalities were found on CT scan or by lumbar punc- 
ture. Five other patients developed seizures (one gener- 
alized, four partial) and three others presented with coma 
without localizing signs. 

Thirteen patients presented with neurologic signs or 
symptoms (Table 4). Ten of these patients had dissection 
or rupture of an aneurysm. Patients with neurologic 
involvement at presentation had a mortality rate of 54%, 
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weak ly 


Presentation 


Generalized seizure 


Spinal cord syndrome 
(flaccid paraplegia) 


Spinal cord syndrome, 
ischemic neuropathy 
(flaccid paraplegia) 


Coma 
Coma 


Coma 


Aneurysm 
Location/State 


Treatment 





Abdominal/rupture 
TA/dissection 


TA/dissection 
TA/intact 


TA/rupture 
Abdominal/rupture 


Resection 


Medical therapy 
Resection 
Resection 


Resection 


Resection 


Outcome 


Death 


Paraparesis 
Paraparesis 
Death 


Death 


Paraparesis 


Encephalopathy 
Encephalopathy 


Stroke (left arm weakness, 
visual difficulties) 


Stroke (right hemiparesis, 
aphasia) 


Stroke (left facial paresis, 
dysarthria, confusion) 


Ischemic neuropathy (left 
leg weakness, cyanosis) 


Thoracic/dissection 
TA/dissection 
TIA TA/intact 


Thoracic/dissection 
Thoracic/dissection 
Thoracic/rupture 


Abdominal/intact 


Medical therapy Normal 
Medical therapy Death 
Medical therapy Normal 


Planned resection Death 
Resection Death 
Resection Death 


Resection Normal 





*This table shows the 13 patients who presented with neurologic dysfunction, their type of aneurysm, and their outcome. Mortality rate 
for this group is 54% (P<.01 compared with other patients). TA indicates thoracoabdominal; TIA, transient ischemic attack. 


while the mortality rate was 9% with a normal neurologic 
examination at presentation. Perioperative neurologic 
complications were more frequent in patients with tho- 
racic or thoracoabdominal aneurysms when compared 
with those with abdominal aneurysms. Patients with 
neurologic complications after presentation had a mortal- 
ity rate of 14%. 

In patients who underwent nonemergency resection of 
an intact aneurysm, patients with a thoracic or thoraco- 
abdominal aneurysm and women were more likely to 
have a focal central nervous system complication (Table 
5). Women were also more likely to have a neurologic 
complication of any type. In addition, patients with sig- 
nificant falls in blood pressure intraoperatively also had 
more frequent central nervous system ischemic compli- 
cations. Forty-five percent of patients with a lowest intra- 
operative mean arterial blood pressure of less than 55 mm 
Hg developed central nervous system ischemic complica- 
tions, while 3% of patients with higher intraoperative 
blood pressures developed such complications (P<.01). 


COMMENT 


Aortic aneurysms produce complications during their 
repair, rupture or dissection and may result in cerebral, 
spinal cord, or peripheral nerve dysfunction.*'' The 
patients selected retrospectively for this study resemble 
those of other large series of aortic aneurysms (Table 
1).!2'6!7 Smoking was the most common vascular risk 
factor associated with aortic aneurysm in our study and 
is an increasingly recognized risk factor for intracranial 
aneurysm. "® 

Acute aortic aneurysmal rupture or dissection pre- 
sented as neurologic dysfunction in 10 of 38 patients. Fo- 
cal signs were observed in five, while diffuse signs were 
detected in five. The presence of neurologic sequelae at 
admission was a grave prognostic indicator with 54% of 
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Table 5.—Risk Factor Analysis of Aneurysmectomy in 
Patients With Intact Aortic Aneurysms* 








All Focal CNS 
No Neurologic Ischemic 
Compli- Compli- Compli- 
cations cations cations 





















Total 126 20 





Aneurysm location 
Thoracic 
Thoracoabdominal 
Abdominal 
Men 
Hypertension 





Smoking 80 13 
Asymptomatic at 

presentation 67 6 3 
Lowest 


intraoperative 
mean arterial 
pressure, mm Hg 

*Patient sex (P<.05) differs significantly between patients with 
and without neurologic complications. Aneurysm location (P<.01, 
sex (P<.001), and operative mean arterial pressure (P<.02) differ 
significantly between patients with focal central nervous system 
(CNS) ischemic complications and all other patients. A history of 
hypertension is associated with neurologic complications but does 
not reach statistical significance (P<.10). 


such patients dying during their hospital course. Simila# 
findings have been demonstrated in those patients with 
type A dissection who present with stroke.” 

Aortic dissection carries an increased risk of neurologic 
impairment with a complication rate of 40%. This is con- 
sistent with previous studies demonstrating an increased 
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risk of early death and lower extremity neurologic dys- 
function in patients with thoracoabdominal aortic dissec- 
tion.’ The frequency of neurologic complications in pa- 
tients with aortic dissection has been reported to be 20% 
to 30%,” slightly lower than our rate. The type of neuro- 
logic impairment observed in aortic dissection is similar to 
that seen in intact aortic aneurysms. 

Thoracic or thoracoabdominal aneurysms have an in- 
creased risk for neurologic complications. This may relate 
to a variety of factors, including the increased frequency 
of dissection or rupture and associated cardiac abnormal- 
ities. However, the spectrum of neurologic disease is 
similar among thoracic, abdominal, and thoracoabdomi- 
nal groups, stressing the need for similarly thorough in- 
traoperative monitoring and neurologic evaluation. 

Central nervous system ischemia was the most frequent 
neurologic complication seen in patients with aortic 
aneurysms. The tenuous vascular supply of the spinal 
cord has long been recognized, and aortic aneurysm sur- 
gery” or dissection’! may produce spinal cord ischemia. 
The rate of paraparesis or paraplegia seen in our patients 
is 3% (2% abdominal, 0% thoracic, 13% thoracoabdomi- 
nal), and is comparable with that seen in other series. ! 
Spinal cord infarction is most common in patients with 
thoracoabdominal or thoracic aneurysms,’ as the artery of 
Adamkiewicz usually arises from this region. Intraoper- 
ative somatosensory evoked potentials have been used in 
an attempt to lessen this complication but have not 
proven beneficial.*” 

Abdominal aortic aneurysm may present with para- 
paresis secondary to an ischemic myelopathy,”!* or 
paraplegia may result following resection of an abdomi- 
nal aneurysm.*” Rates of paraparesis in abdominal 
aneurysms are low, but factors that increase the frequency 
of this complication include the presence of rupture™ or 
a suprarenal aneurysm.” Two of our patients with para- 
paresis had abdominal aortic aneurysms; one had a 
suprarenal aneurysm and the other presented with a 
ruptured aneurysm. Spinal cord ischemia in these cases 
usually results from compromise of the artery of Adam- 
kiewicz of lumbar origin. 

t+ While spinal cord ischemia is often associated with 
aortic aneurysms, we found cerebral ischemia to be more 
frequent. Dissection of aortic aneurysms may cause 
strokes that are most commonly right hemispheric as the 
dissection frequently occludes the right carotid artery.” 
Interestingly, in our series most of the strokes are left 
hemispheric and are not associated with dissection. The 
explanation of this finding is unclear and may be a chance 
finding. Dissection may lead to cerebral infarction by oc- 
clusion of a major branch artery through local thrombosis 
or embolism.*'° In those patients who underwent sur- 
gery, several patients had watershed infarctions by CT 
scanning. Intraoperative hypotension is a risk factor for 
central nervous system ischemia here and has been rec- 
ognized previously.* In one patient, CT scan demon- 
strated multiple cerebral infarcts consistent with a cardiac 
source of emboli. Many of the cerebral infarcts had no 
identifiable cause but preexisting cerebrovascular disease 
exacerbated by inadequate perfusion seems likely. Al- 
most all our patients had at least one atherosclerotic risk 
factor. 
One patient developed an ischemic optic neuropathy 
following an aortic dissection associated with carotid oc- 
clusion. Although carotid dissection with ipsilateral reti- 
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nal pallor and contralateral hemiparesis has been recog- 
nized," this patient demonstrated a swollen optic nerve 
consistent with an anterior ischemic optic neuropathy 
without retinal pallor. Both anterior and posterior is- 
chemic optic neuropathies are documented with carotid 
dissection.” Anterior ischemic optic neuropathy has 
also been infrequently documented with carotid 
occlusion.” In our patient, magnetic resonance imaging 
detected cerebral ischemia in a watershed distribution. As 
the optic nerve head lies in a border zone of ciliary artery 
perfusion,” it is possible that a watershed infarction of the 
optic nerve may have led to his ischemic optic neuropa- 
thy. Alternatively, embolism to the ophthalmic artery 
may have occurred, but the absence of retinal changes and 
an unremarkable electroretinogram argue against this 
possibility. 

Peripheral nerve complications are frequent in other 
series but were uncommon in our series.*’' Peripheral 
nerve dysfunction may result from surgical intervention 
or from nerve ischemia.**** Such complications may be 
bilateral, and lower extremity weakness may not neces- 
sarily be ascribed to spinal cord ischemia. 

In those patients who undergo surgery in the absence 
of aneurysm rupture or dissection, the neurologic com- 
plication rate was 13% with an overall mortality rate of 
3%. Similar studies report stroke risks of approximately 
2%. Risk factors for focal central nervous system is- 
chemia include female sex, aneurysm location, and a low 
intraoperative blood pressure. A history of hypertension 
is more frequent in patients with neurologic complica- 
tions but this is not statistically significant (P = .10). 

The importance of intraoperative hemodynamic param- 
eters may be understood by an examination of the 
changes that occur in aortic cross-clamping. Cross- 
clamping causes hypertension proximal to the clamp, im- 
pairment of cardiac output, increased plasma renin levels, 
and relative hypoperfusion distal to the clamp.** The 
spinal cord is particularly at risk during this period as the 
proximal hypertension may lead to increased cerebrospi- 
nal fluid pressure and further decrease spinal cord perfu- 
sion pressure.” Following release of an aortic clamp, a 
period of sustained systemic hypotension may occur.” 
Intraoperative control of blood pressure with sodium ni- 
troprusside may exacerbate spinal cord ischemia as it in- 
creases cerebral blood flow and cardiac output at the ex- 
pense of increasing cerebrospinal fluid pressure and 
decreasing collateral blood flow below an aortic cross 
clamp.” The relative importance of these factors in the 
production of central nervous system ischemia remains 
unclear both in animal models and in clinical experience. 
We found an increased risk of central nervous system is- 
chemia when the mean arterial pressure dropped below 
55 mm Hg, a number that correlates well with the loss of 
brain and spinal cord autoregulation observed experi- 
mentally at 50 mm Hg.” 


We are indebted to Arthur K. Asbury, MD, and Clyde F. Barker, 
MD, for their helpful comments. 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN RE- 
PORTED IN ASSOCIATION WITH THE USE OF TEGRETOL 
DATA FROM A POPULATION-BASED CASE CONTROL STUDY 
DEMONSTRATE THAT THE RISK OF DEVELOPING THESE RE- 
ACTIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL 
POPULATION. HOWEVER, THE OVERALL RISK OF THESE RE- 
ACTIONS IN THE UNTREATED GENERAL POPULATION IS LOW, 
APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULA- 
TION PER YEAR FOR AGRANULOCYTOSIS AND TWO PA- 
TIENTS PER ONE MILLION POPULATION PER YEAR FOR 
APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DE- 
CREASED PLATELET OR WHITE BLOOD CELL COUNTS ARE 
NOT UNCOMMON IN ASSOCIATION WITH THE USE OF 
TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCU- 
RATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, THE 
VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT 
PROGRESSED TO THE MORE SERIOUS CONDITIONS OF 
APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCY- 
TOSIS AND APLASTIC ANEMIA, THE VAST MAJORITY OF MIN- 
OR HEMATOLOGIC CHANGES OBSERVED IN MONITORING OF 
PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL THE OC- 
CURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD 
BE OBTAINED AS A BASELINE. IF A PATIENT IN THE COURSE 
OF TREATMENT EXHIBITS LOW OR DECREASED WHITE 
BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG 
SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIGNIFICANT 
BONE MARROW DEPRESSION DEVELOPS 














Before prescribing Tegretol, the physician should be thor- 
oughly familiar with the details of this prescribing information, 
particularly regarding use with other drugs, especially those 
which accentuate toxicity potential. 


DESCRIPTION 

Tegretol, carbamazepine USP. ıs an anticonvulsant and specific an- 
algesic for trigeminal neuralgia, available for oral administration as 
chewable tablets of 100 mg, tablets of 200 mg, and as a suspension 
of 100 mg/5 ml (teaspoon). Its chemical name is 5H-dibenz[b,f] 
azepine-5-cardoxamide, and its structural formula is 


Ni 
CONH, 


Carbamazepine USP is a white to off-white powder. practically 
insoluble in water and soluble in alcohol and in acetone. Its molecu- 
lar weight is 236.27 
Inactive Ingredients. Tablets: Colloidal silicon dioxide, FD&C Red 
No. 3 (chewable tablets only), FD&C Red No. 40 (200-mg tablets 
only), flavoring (chewable tablets only), gelatin. glycerin, magne- 
sium stearate, sodium starch glycolate (chewable tablets only), 
starch, stearic acid, and sucrose (chewable tablets only). Suspen- 
sion: Citric acid, FD&C Yellow No. 6, flavoring, polymer, potassium 
sorbate, propylene glycol, purified water, sorbitol. sucrose, and 
xanthan gum 


CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective 
in the treatment of psychomotor and grand mal seizures. as well as 
trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice 
with electrically and chemically induced seizures. It appears to act 
by reducing polysynaptic responses and blocking the post-tetanic 
potentiation Tegretol greatly reduces or abolishes pain induced by 
stimulation of the infraorbital nerve in cats and rats. It depresses 
thalamic potential and bulbar and polysynaptic reflexes, including 
the linguomandibular reflex in cats. Tegretol is chemically unrelated 
to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

In clinical studies both suspension and conventional tablet deliv- 
ered equivalent amounts of drug to the systemic circulation. How- 
ever, the suspension was absorbed somewhat faster than the tablet 
Following a b.i.d. dosage regimen, the suspension has higher peak 
levels and lower trough levels than those obtained from the tablet 


formulation for the same dosage regimen. On the other hand, fol- 
lowing at.i.d. dosage regimen, Tegretol suspension affords steady- 
state plasma levels comparable to Tegretol tablets given b.i.d. when 
administered at the same total mg daily dose. Tegretol chewable 
tablets may produce higher peak levels than the same dose given as 
regular tablets. Tegretol in blood is 76% bound to plasma proteins 

Plasma levels of Tegretol are variable and may range trom 0.5-25 
pg/ml, with no apparent relationship to the daily intake of the drug 

Usual adult therapeutic levels are between 4 and 12 ug/ml. Follow- 
ing chronic oral administration of suspension, plasma levels peak at 
approximately 1.5 hours compared to 4 to 5 hours after administra- 
tion of oral tablets. The CSF/serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own 
metabolism, the half-life is also variable. Initial half-life values 
range from 25-65 hours, with 12-17 hours on repeatec doses 

Tegretol is metabolized in the liver. After oral administration of 14C- 
carbamazepine, 72% of the administered radioactivity was found in 
the urine and 28% in the feces. This urinary radioactivity was com- 
posed largely of hydroxylated and conjugated metabolites, with 
only 3% of unchanged Tegretol. Transplacental passage ot Tegretol 
is rapid (30 to 60 minutes), and the drug is accumulated in fetal 
tissues, with higher levels found in liver and kidney than in brain 
and lungs. 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug 
Evidence supporting efficacy of Tegretol as an anticonvulsant was 
derived from active drug-controlled studies that enrolled patients 
with the following seizure types: 
1. Partial seizures with complex symptomatology (psychomotor, 
temporal lobe). Patients with these seizures appear to show greater 
improvement than those with other types 
2. Generalized tonic-clonic seizures (grand mal) 
3. Mixed seizure patterns which include the above, or other partial 
or generalized seizures. 

Absence seizures (petit mal) do not appear to be controlled by 
Tegretol (see PRECAUTIONS, General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the 
pain associated with true trigeminal neuralgia 


Beneficial results have also been reported in glossopharyngeal 
neuralgia 

This drug is not a simple analgesic and should not be used for the 
relief of trivial aches or pains. 


Only TEGRETOL 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet 





CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous 
bone marrow depression, hypersensitivity to the drug, or known 
sensitivity to any of the tricyclic compounds, such as amitriptyline, 
desipramine, imipramine, protriptyline, nortriptyline, etc. Like- 
wise, on theoretical grounds its use with monoamine oxidase inhib- 
itors is not recommended. Before administration of Tegretol, MAO 
inhibitors should be discontinued for a minimum of fourteen days, 
or longer if the clinical situation permits. 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug 
may be particularly at risk 

Severe dermatologic reactions including toxic epidermal nec- 
rolysis (Lyell’s syndrome) and Stevens-Johnson syndrome, have 
been reported with Tegretol. These reactions have been extremely 
rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity; therefore, 
patients with increased intraocular pressure should be closely 
observed during therapy. 

Because of the relationship of the drug to other tricyclic com- 
pounds, the possibility of activation of a latent psychosis and, in 
elderly patients, of confusion or agitation should be borne in mind 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical 
examination should be made 

Tegretol should be used with caution in patients with a mixed 
seizure disorder that includes atypical absence seizures, since in 
these patients Tegretol has been associated with increased frequen- 
cy of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk 
appraisal in patients with a history of cardiac, hepatic or renal 
damage, adverse hematologic reaction to other drugs. or inter- 
rupted courses of therapy with Tegretol. 

Since a given dose of Tegretol suspension will produce higher 

peak levels than the same dose given as the tablet, it is recom- 
mended that patients given the suspension be started on lower 
doses and increased slowly to avoid unwanted side effects (see 
DOSAGE AND ADMINISTRATION). 
Information for Patients: Patients should be mace aware of the 
early toxic signs and symptoms of a potential hematologic prob- 
lem, such as fever, sore throat, rash, ulcers in the mouth, easy 
bruising, petechial or purpuric hemorrhage. and should be advised 
to report to the physician immediately if any such signs or symp- 
toms appear 


Since dizziness and drowsiness may occur, patients should be 
cautioned about the hazards of operating machinery or automobiles 
or engaging in other potentially dangerous tasks 
Laboratory Tests: Complete pretreatment blood counts, including 
platelets and possibly reticulocytes and serum iron, should be ob- 
tained as a baseline. If a patient in the course of treatment exhibits 
low or decreased white blood cell or platelet counts, the patient 
should be monitored closely. Discontinuation of the drug should be 
considered if any evidence of significant bone marrow depression 
develops. 

Baseline and periodic evaluations of liver function, particularly in 
patients with a history of liver disease, must be performed during 
treatment with this drug since liver damage may occur. The drug 
should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, fun- 
duscopy and tonometry, are recommended since many pheno- 
thiazines and related drugs have been shown to cause eye changes 

Baseline and periodic complete urinalysis and BUN determina- 
tions are recommended for patients treated with this agent because 
of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has 
increased the efficacy and safety of anticonvulsants. This monitor- 
ing may be particularly useful in cases of dramatic increase in 
seizure frequency and for verification of compliance. In addition. 
measurement of drug serum levels may aid in determining the 
Cause of toxicity when more than one medication is being used 

Thyroid function tests have been reported to show decreased 
values with Tegretol administered alone 

Hyponatremia has been reported in association with Tegretol 
use, either alone or in combination with other drugs 
Drug Interactions: The simultaneous administration of phenobar- 
bital, phenytoin, or primidone, or a combination of two, produces a 
marked lowering of serum levels of Tegretol. The effect of valproic 
acid on Tegretol blood levels is not clearly established, although an 
increase in the ratio of active 10.11-epoxide metabolite to parent 
compound is a consistent finding 

The half-lives of phenytoin, warfarin, doxycycline, and the- 
ophylline were significantly shortened when administered concur- 
rently with Tegretol. Haloperidol and valproic acid serum levels may 
be reduced when these drugs are administered with Tegretol. The 
doses of these drugs may therefore have to be increased when 
Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cime- 
tidine, propoxyphene, isoniazid, fluoxetine or calcium channel 
blockers has been reported to result in elevated plasma levels of 
carbamazepine resulting in toxicity in some cases. Also, concomi- 
tant administration of carbamazepine and lithium may increase the 
risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination 
therapy with other anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiv- 
ing concomitant oral contraceptives and their reliability may be 
adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Carbamazepine, when administered to Sprague-Dawley rats for two 
years in the diet at doses of 25, 75, and 250 mg/kg/day, resulted in 
a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of 
males 

Carbamazepine must, therefore, be considered to be carcino- 
genic in Sprague-Dawley rats. Bacterial and mammalian muta- 
genicity studies using carbamazepine produced negative results 
The significance of these findings relative to the use of car- 
bamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adverse 
effects in reproduction studies in rats when given orally in dosages. 
10-25 times the maximum human daily dosage of 1200 mg. In rat 
teratology studies, 2 of 135 offspring showed kinked ribs at 250 
mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies 
(cleft palate, 1; talipes, 1; anophthalmos, 2). In reproduction stud- 
ies in rats, nursing offspring demonstrated a lack of weight gain and 
an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant 
women. Epidemiological data suggest that there may be an associa- 
tion between the use of carbamazepine during pregnancy and con- 
genital malformations, including spina bifida. Tegretol should be 
used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Retrospective case reviews suggest that, compared with mono- 
therapy, there may be a higher prevalence of teratogenic effects 
associated with the use of anticonvulsants in combination therapy 
Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be 
discontinued in patients in whom the drug is administered to pre- 
vent major seizures because of the strong possibility of precipitat- 
ing status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and frequency of the seizure 
disorder are such that removal of medication does not pose a seri- 
ous threat to the patient, discontinuation of the drug may be con- 
sidered prior to and during pregnancy, although it cannot be said 
with any confidence that even minor seizures do not pose some 
hazard to the developing embryo or fetus 


Labor and Delivery: The effect of Tegretol on human labor and 
delivery is unknown 


Nursing Mothers: During lactation, concentration of Tegretol in 
milk is approximately 60% of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing 
infants from carbamazepine, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother 


Pediatric Use: Safety and effectiveness in children below the age of 


Tegretol carbamazepine USP 


6 years have not been established. 


ADVERSE REACTIONS 

If adverse reactions are of such severity that the drug must be 
discontinued, the physician must be aware that abrupt discontinua- 
tion of any anticonvulsant drug in a responsive epileptic patient 
may lead to seizures or even status epilepticus with its life- 
threatening hazards. 

The most severe adverse reactions have been observed in the 
hemopoietic system (see boxed WARNING), the skin and the car- 
diovascular system. 

The most frequently observed adverse reactions, particularly 
during the initial phases of therapy, are dizziness, drowsiness, un- 
steadiness, nausea, and vomiting. To minimize the possibility of 
such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell’s syndrome) (see WARNINGS), Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
orlymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
Oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established 
Digestive System: Nausea, vomiting. gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Ees: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: Isolated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 
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1/2 teaspoon q.i.d 


challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5 g (3-year-old girl). 

Oral LD. in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025; rabbits, 1500-2680; guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: \rregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperreflexia, followed by 
hyporeflexia. 

Gastrointestinal Tract: Nausea, vomiting 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: \solated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: \nduction of vomiting 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: It evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be helpful as follows: (1) white 
cell and platelet antibodies, (2) 58Fe—tferrokinetic studies, (3) pe- 
ripheral blood cell typing. (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A> and F hemo- 
globin, and (7) serum folic acid and B,, levels. 

A fully developed aplastic anemia will require appropriate, inten- 
sive monitoring and therapy, for which specialized consultation 
should be sought. 


Dosage Information: Tablets and Suspension 


Initial Dose Subsequent Dose 


1/2 teaspoon q.i.d 







Add up to 100 mg per day at weekly 
intervals, t.i.d. orq.i.d 






Add up to 200 mg per day at weekly 
intervals, t.i.d. orq.i.d 






Add up to 200 mg per day in increments 


of 100 mg every 12 hours q.i.d 





Add up to 1 teaspoon (100 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 
at weekly intervals, t.i.d. orq.i.d. 


Add up to 2 teaspoons (200 mg) per day 


DOSAGE AND ADMINISTRATION (see table below) 

Monitoring of blood levels has increased the efficacy and safety of 
anticonvulsants (see PRECAUTIONS, Laboratory Tests). Dosage 
should be adjusted to the needs of the individual patient. A low 
initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very grad- 
ually to the minimum effective level. Medication should be taken 
with meals. 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet, it is recom- 
mended to start with low doses (children 6-12 years: 1/2 teaspoon 
q.i.d.) and to increase slowly to avoid unwanted side effects. 

Conversion of patients from oral Tegretol tablets to Tegretol sus- 
pension: Patients should be converted by administering the same 
number of mg per day in smaller, more frequent doses (i.e., b.i.d. 
tablets to t.i.d. suspension). 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—Initial: Either 200 
mg b.i.d. for tablets or 1 teaspoon q.i.d. for suspension (400 mg 
per day). Increase at weekly intervals by adding up to 200 mg per 
day using a t.i.d. or q.i.d. regimen until the optimal response is 
obtained. Dosage generally should not exceed 1000 mg daily in 
children 12 to 15 years of age, and 1200 mg daily in patients above 
15 years of age. Doses up to 1600 mg daily have been used in adults 
in rare instances. Maintenance: Adjust dosage to the minimum 
effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—lInitial: Either 100 mg b.i.d. for 
tablets or 1/2 teaspoon q.i.d. for suspension (200 mg per day). 

Increase at weekly intervals by adding up to 100 mg per day usinga 
t.i.d. or q.i.d. regimen until the optimal response is obtained. 

Dosage generally should not exceed 1000 mg daily. Maintenance: 

Adjust dosage to the minimum effective level, usually 400-800 mg 

daily. 

Combination Therapy: Tegretol may be used alone or with other 
anticonvulsants. When added to existing anticonvulsant therapy, 

the drug should be added gradually while the other anticonvulsants 
are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions 
and Pregnancy Category C). 

Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: On the first day, either 100 mg b.i.d. for tablets or 1/2 
teaspoon q.i.d. for suspension for a total daily dose of 200 mg. 

This daily dose may be increased by up to 200 mg a day using 
increments of 100 mg every 12 hours for tablets or 50 mg (1/2. 
teaspoon) q.i.d. for suspension, only as needed to achieve freedom’ 
from pain. Do not exceed 1200 mg/daily. Maintenance: Control of 
pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 
mg daily, while others may require as much as 1200 mg daily. At 
least once every 3 months throughout the treatment period, at- 
tempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 


HOW SUPPLIED 


Chewable Tablets 100 mg—round, red-speckled, pink, single- 
scored (imprinted Tegretol on one side and 52 twice on the scored 


side) 
BOS OOD coos da AE NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

(SUEIDGOT AO) ERT E AE NE ET NDC 58887-052-32 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted 
Tegretol on one side and 27 twice on the partially scored side) 


o g. E -NDC 58887-027-30 

Bottles Of1O00: inisin aiaa NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 

(string of10) 23.52, cow esae is aa NDC 58887-027-32 


Samples, when available, are identified by the word SAMPLE ap- 
pearing on each tablet. 
Protect from moisture. Dispense in tight container (USP). 
Suspension 100 mg/5 mi (teaspoon)—yellow-orange, citrus- 
vanilla flavored 

Bottles of 450 ml... . 
Shake well before using. 
Do not store above 86°F. 
Dispense in tight, light-resistant container (USP). 
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Maximum Dose 
Tablet or Suspension 













1000 mg/24 hours 





1000 mg/24 hours: 12-15 years 
1200 mg/24 hours: over 15 years 
1600 mg/24 hours: adults, in rare instances 


1200 mg/24 hours 
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Therapy for Neurocysticercosis 


Comparison Between Albendazole and Praziquantel 


Osvaldo Massaiti Takayanagui, MD, PhD, Edymar Jardim, MD, PhD 


è Praziquantel and albendazole have been recently de- 
scribed as effective drugs for treatment of intraparenchymal 
brain cysticercosis. We performed a prospective study 
comparing the efficacy of these drugs. Twenty-two patients 
were treated with praziquantel and 21 with albendazole. In 
addition, 16 patients were treated with symptomatic drugs 
only and used as controls. Treatment was discontinued in 
two patients receiving praziquantel and one patient receiv- 
ing albendazole owing to acute decompensation of the in- 
creased intracranial pressure, and one of them died. Alben- 
dazole and praziquantel were effective when compared 
with the control group. However, albendazole was signifi- 
cantly more effective than praziquantel in reducing the to- 
tal number of cysts in the computed tomographic scans 
(88% vs 50%). Despite these results, however, analysis of 
clinical course showed a high frequency of neurologic se- 
quelae. Considering the risks and fallibility of anticysticer- 
cal therapy, the real solution for this serious disease contin- 
ues to be prophylaxis of infestation. 
(Arch Neurol. 1992;49:290-294) 


N eurocysticercosis is a serious public health problem 

in several countries in Latin America, Asia, and 
Africa, especially in developing countries in which pre- 
carious sanitary and socioeconomic conditions combine to 
perpetuate its dissemination. At our university hospital, 
neurocysticercosis is responsible for 7.3% of all admis- 
sions and for 2.7% of all cases of outpatient clinic atten- 
dance in the discipline of neurology.'* 

Therapy for neurocysticercosis, formerly restricted to 
palliative measures, advanced during the last decade with 
the advent of two drugs considered to be effective, ie, 
praziquantel*'’ and albendazole.''"* Sotelo et al’ reported 
similar efficacy for the two drugs. In this article, we report 
on a prospective trial comparing the effectiveness of 
praziquantel and albendazole in the treatment of paren- 
chymal brain cysticercosis. 
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PATIENTS AND METHODS 


Fifty-nine consecutive patients with parenchymal brain cys- 
ticercosis confirmed by computed tomography (CT) and cere- 
brospinal fluid (CSF) analysis were selected for the trial. The 
major criterion for admission to the study was the presence of 
nonenhancing cystic lesions’*"* in the CT scan and of a positive 
complement fixation test in CSF. The CT appearance of ringlike 
enhancement, homogeneous enhancement,'*!”!?7° encephalitic 
cysticercosis,*"” or intraventricular cysts was a criterion for pa- 
tient exclusion. 

Cases were subdivided into three groups. Group 1 included 22 
patients who were treated with praziquantel at daily doses of 50 
mg/kg body weight for 21 days (adapted from Spina-Franga et 
al). Some patients in this group have been previously described 
by us.” Group 2 consisted of 21 patients who received albenda- 
zole at daily doses of 20 mg/kg body weight for 21 days (adapted 
from Agapejev et al'*). Groups 1 and 2 also received dexametha- 
sone sodium phosphate at daily doses of 6 mg. Anticonvulsant 
medication was not interrupted. Informed consent was obtained 
from all patients before the trial. Albendazole and praziquantel 
were purchased by the patients themselves, since these drugs 
were unavailable in our service. Sixteen additional patients se- 
lected as controls received only symptomatic treatment with 
dexamethasone because neither praziquantel nor albendazole 
was available. This group was submitted to a new CT scan after 
an interval of 6 to 8 months. All patients in groups 1 and 2 were 
inpatients for the duration of treatment, and all were periodically 
examined afterward. 

Evaluation of therapeutic response consisted of cyst counts 
before and 6 months after the end of therapy. Parenchymal cysts 
appearing in different CT slices were counted only once. The 
onset of ringlike enhancement after therapy was not considered 
a criterion of efficacy of treatment. 

Cerebrospinal fluid analyses (pressure, cell counts, cytomor- 
phologic profile, total protein concentration, y-globulin and 
glucose levels, and complement fixation test for cysticercosis) 
were performed before treatment, weekly during treatment, and 
1 month after the end of treatment. Routine hematologic, 
biochemical, and liver function tests were performed before and 
on conclusion of treatment. 


RESULTS 
Controls 


The control group consisted of 16 patients (eight mef 
and eight women, ranging in age from 19 to 64 years; 
mean age, 34.5 years) who received only symptomatic 
treatment. Clinical manifestations were epilepsy in seven, 
meningitis in five, epilepsy and meningitis in two, and 
increased intracranial pressure in two. Cerebrospinal 
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Table Lea he Tomographic Scanning in 16 
ithout Anticysticercal Drugs 


Patients 
No. of Cysts 


Case No./Age, y/Sex Before After 


1/19/F 
2/25/F 
3/64/M 
4/39/M 
5/27/F* 
6/27/F 
7/58/F* 
8/29/F 
9/19/M* 
10/48/F 
11/24/M* 
12/39/F 
13/33/M 
14/40/M 
15/39/M* 
16/23/M* 
Total 


*The following cases are referred to by different numbers in Ta- 
ble 2: 15, 36, 17, 18, 40, and 11, respectively. 





fluid analysis revealed an inflammatory reaction in nine 
and was normal in seven cases. Computed tomographic 
scans at the time of diagnosis showed a total of 113 cysts 
(mean [+SEM] number per patient, 7.06+15.7). Addi- 
tional CT scans made 6 to 8 months later demonstrated a 
total of 106 cysts (mean number per patient, 6.63415.7). 
A reduction in number of cysts was detected in two pa- 
tients (cases 3 and 4, Table 1). The clinical course was un- 
changed in 13 patients, whereas the remaining three 
showed clinical deterioration, with increased intracranial 
pressure requiring a ventriculoperitoneal shunt. One of 

x these patients suffered postoperative bacterial meningitis 
and died. Of the 16 patients in the control group, 10 later 
received albendazole (five) or praziquantel (five) when 
the drugs became available. 


Group 1 


Of the 22 patients who started treatment with prazi- 
quantel, two presented acute decompensation of the in- 
creased intracranial pressure requiring interruption of 
treatment. This occurred on the first day of treatment for 
both patients even though they had previously been re- 
ceiving 6 mg/d of dexamethasone sodium phosphate, and 
their CT scans had not revealed any signs of hydroceph- 
alus or edema around cysts. One of them showed 
improvement with an increased dexamethasone dose and 
high mannitol doses, but the other died. 

The remaining patients (12 men and eight women, 
ranging in age from 4 to 51 years; mean age, 28.8+13.7 

* years) received the full treatment (Table 2). The initial CT 
scan showed a total of 178 cysts (mean number per 
patient, 8.9+14.4). Six months after the end of therapy, 
the total number of cysts had decreased to 89 (mean 
number per patient, 4.4+9.0), a 50% reduction of the to- 
tal number of lesions. Of these remaining 89 cysts, 12 
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presented ringlike enhancement. Three patients (15%) 
presented total disappearance of all cysts, and 13 patients 
(65%) showed partial resolution of lesions. Four patients 
(20%) did not show any changes in CT scan after therapy. 
During treatment, 17 patients (85%) presented adverse 
reactions such as headache, vomiting, dizziness, or sei- 
zures. Fifteen patients (75%) showed the onset or exacer- 
bation of pleocytosis in the CSF accompanied by signs of 
meningeal inflammation and showed improvement with 
increased dexamethasone doses. Three patients, al- 
though presenting pleocytosis in the CSF, showed no 
changes in the number of lesions in the CT scan. In seven 
(58%) of the 12 patients who presented with epilepsy, 
seizures were well controlled with antiepileptic drugs. 
Full removal of anticonvulsant therapy was impossible for 
any of these patients. One of the patients (case 18, Table 
2), with 65 cysts in the initial CT, suffered dementia de- 
spite the absence of new epileptic seizures. Of the six pa- 
tients with increased intracranial pressure at the begin- 
ning of the trial, four were asymptomatic (one of them 
after ventriculoperitoneal shunt), one presented amauro- 
sis as a sequela (case 20, Table 2), and the last died (case 
16, Table 2). Of the two patients with cysticercotic men- 
ingitis, one had no relapse and the other required the use 
of dexamethasone for 1 year after the end of praziquantel 
therapy owing to new episodes of meningitis (case 6, Ta- 
ble 2). 


Group 2 


Of the 21 patients who initiated treatment with alben- 
dazole, one had to interrupt the drug on the second day 
owing to acute decompensation of increased intracranial 
pressure even though he was receiving dexamethasone. 
Even after clinical improvement, albendazole was not re- 
introduced for fear of the occurrence of irreversible 
intracranial hypertension, as was the case for praziquan- 
tel. 

The 20 patients who received full treatment were 11 
men and nine women ranging in age from 12 to 64 years 
(mean age, 42+15.1 years, Table 2). Pretreatment CT 
scans showed a total of 101 cysts (mean number per pa- 
tient, 5.05+12.3). Six months after the end of therapy, the 
total number of cysts had decreased to 12 (mean number 
per patient, 0.6+0.7), an improvement of 88% in the total 
number of lesions. Of these 12 remaining cysts, four pre- 
sented ringlike enhancement. Eleven patients (55%) pre- 
sented total disappearance of all cysts, and three patients 
(15%) showed partial resolution of lesions. Six patients 
(30%) did not show any changes in CT scan after therapy. 

During treatment, 11 patients (55%) presented adverse 
reactions similar to those induced by praziquantel, ac- 
companied by exacerbation of pleocytosis in the CSF. In 
11 (91%) of the 12 patients who presented with epilepsy, 
seizures were well controlled with antiepileptics. How- 
ever, no patient was free of anticonvulsant therapy. One 
of the patients (case 32, Table 2), despite an improvement 
in CT scan with reduction from 57 cysts to one, had a 
clinical course involving epileptic seizures of difficult 
control and organic psychosis. Of the four patients with 
increased intracranial pressure at the beginning of the 
trial, three were asymptomatic (two of them after a ven- 
triculoperitoneal shunt), and the other suffered hemi- 
paresis. Of the four patients with cysticercotic meningitis, 
three suffered a relapse after albendazole therapy, requir- 
ing maintenance of dexamethasone for several months. 
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Table 2.—Results of Therapy* 


Clinical Picture 


Case No./ 
Age, y/Sex 


No. of Cysts 


—______.,, 


Before After 


Adverse 
Reactions 


Exacerbation of 
CSF Pleocytosis 





1/50/F 
2/23/F 
3/7/F 
4/40/M 
5/37/M 
6/12/F 
7/51/M 
8/42/M 
9/23/M 
10/4/M 
11/23/Mt 
12/24/M 
13/21/F 
14/44/F 
15/27/Ft 
16/29/F 
17/19/Mt 
18/24/Mt 
19/48/M 
20/29/M 
Total 


21/31/F 
22/57/M 
23/38/M 
24/61/M 
25/41/M 
26/43/F 
27/12/F 
28/47/M 
29/61/M 
30/44/F 
31/13/F 
32/26/M 
33/34/F 
34/54/F 
35/46/M 
36/58/Ft 
37/64/M 
38/26/F 
39/45/M 
40/39/Mt 
Total 


A 
N N UUN ne O < ca OF OA NNDD 


[Sz] 
- N N aa Na FN NNUS NUNAA à Lf SF aana 
KN =a O N oO fs O fF OOO NOOOSļSai O <[gsli O 


= 
No i 


Headache 
Headache 


Seizures 


Headache 

Dizziness 

Headache 
Headache, vomiting 
Seizures 


Dizziness 


Headache 
Headache, vomiting 
Dizziness 
Headache 
Headache, vomiting 
Headache, seizures 
Headache 


Headache 


Headache, vomiting 


Headache 


Headache, seizures 


Headache, vomiting 


Headache 


Headache 


Headache, vomiting 


Headache 


Headache, seizures 
Headache 


Headache 


Praziquantel 


+ 


+ 


Albendazole 


+ 


+ 


Initial 


Follow-up After 


Evolution Therapy, mo 





Epilepsy 
Meningitis 
Epilepsy 
Epilepsy 
Epilepsy 
Meningitis 
Increased ICP 
Epilepsy 
Increased ICP 
Increased ICP 
Epilepsy 
Epilepsy 
Epilepsy 
Epilepsy 
Increased ICP 
Increased ICP 
Epilepsy 
Epilepsy 
Epilepsy 
Increased ICP 


Meningitis 
Epilepsy 
Epilepsy 
Meningitis 
Increased ICP 
Meningitis 
Epilepsy 
Increased ICP 
Increased ICP 
Epilepsy 
Epilepsy 
Epilepsy 
Increased ICP 
Epilepsy 
Epilepsy 
Epilepsy 
Epilepsy 
Meningitis 
Epilepsy 
Epilepsy 


Controlled 
Asymptomatic 
Hemiparesis 
Noncontrolled 
Controlled 
Meningitis 
Asymptomatic 
Controlled 
VPS, asymptomatic 
Asymptomatic 
Controlled 
Noncontrolled 
Noncontrolled 
Controlled 
Asymptomatic 
Death 
Controlled 
Dementia 
Controlled 


VPS, amaurosis 


Meningitis 
Controlled 
Controlled 
Asymptomatic 
VPS, asymptomatic 
Meningitis 
Controlled 

VPS, seizures 
Hemiparesis 
Controlled 
Controlled 
Psychosis 
Asymptomatic 
Controlled 
Controlled 
Controlled 
Controlled 
Increased ICP, VPS 
Controlled 


Controlled 





*ICP indicates intracranial pressure; CSF, cerebrospinal fluid; and VPS, ventriculoperitoneal shunt. 
tThe following cases are referred to by different numbers in Table 1: 16, 5, 9, 11, 7, and 15, respectively. 
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Owing to recurrence of meningitis, one patient (case 38, 
Table 2) suffered hydrocephalus, requiring a ventriculo- 
peritoneal shunt. 


COMMENT 


The advent of praziquantel and albendazole has 
opened new perspectives for the treatment of neurocys- 
ticercosis, which was previously limited to symptomatic 
measures. However, pharmacologic therapy should not 
be used indiscriminately in all cases.” The earlier enthu- 
siasm with praziquantel led to inadequate selection of 
patients.” The classification of neurocysticercosis into ac- 
tive and inactive forms proposed by Sotelo et al” has per- 
mitted a better design of therapeutic approaches. 13 An- 
ticysticercal drugs are indicated in the presence of active 
parenchymal cysticerci, especially when they are multi- 
ple. The validity of etiologic treatment of cysticerci in the 
phase of degeneration or spontaneous resorption (cysts 
with ringlike enhancement or homogeneous enhance- 
ment) is questionable. For this reason, we utilized as a 
criterion for selection the presence of nonenhancing cys- 
tic lesions in the CT scan. 

The ideal method for the evaluation of the efficacy of 
anticysticercal drugs would be a randomized, double- 
blind, placebo-controlled trial. In the present study, the 
fact that the patients bought their own medication, often 
with financial difficulties, made this type of design unvi- 
able. For the control group, we used symptomatic ther- 
apy, but not exactly a placebo, since that would have been 
an ethically questionable procedure. Furthermore, be- 
cause their follow-up time was shorter than for the other 
two groups, the control group might not reflect the nat- 
ural clinical course of neurocysticercosis. Since the 
present treatment trial was not a “blind” trial, we ana- 
lyzed the therapeutic result based on objective data such 
as cyst counts by CT scan, the presence of pleocytosis in 
the CSF, and a descriptive report of clinical evolution. 

Our results indicate that praziquantel and albendazole 
in particular are effective drugs for the treatment of intra- 
parenchymal cysticercosis. Comparatively, albendazole 
showed significantly higher efficiency than praziquantel 

xin the reduction of total number of cysts in the CT scan 
(88% and 50%, respectively; P<.001). Complete disap- 
pearance of all cysts was observed in 55% of patients 
treated with albendazole and in 15% of those treated with 
praziquantel. In the control group, the number of cysts 
remained unchanged, except for two patients who pre- 
sented with a reduction in the cyst number. The possibil- 
ity of spontaneous disappearance of cysts has been pre- 
viously pointed out by Miller et al.” 

Most investigators have reported good tolerability of 
praziquantel” and albendazole.""'>* In our subjects, we 
noticed the occurrence of acute decompensation of the 
increased intracranial pressure in three patients (two 
treated with praziquantel and one treated with albenda- 
zole), requiring interruption of treatment. The signs and 
symptoms of two of these patients were controlled with 
high dexamethasone doses, but the third died. Among 
the other patients, we observed adverse reactions such as 

* headache, vomiting, dizziness, and seizures in 85% of the 
patients treated with praziquantel and in 55% of those 
treated with albendazole. During treatment, exacerbation 
of pleocytosis in the CSF occurred in 75% of the patients 
treated with praziquantel and in 55% of those treated with 
albendazole and was accompanied by signs of meningeal 
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inflammation. These reactions were controlled by increas- 
ing the dexamethasone doses and by administering anal- 
gesics and antiepileptic drugs, with no need to interrupt 
treatment. These adverse reactions were probably not due 
to a toxic reaction to the drugs but rather to inflammatory 
reactions produced by the host in response to the death 
of the parasite,”'!*> since previous studies have shown 
low toxic reaction rates.”8? 

Although decompensation of the increased intracranial 
pressure is a rare occurrence during treatment, this 
possibility advises against treatment on an outpatient ba- 
sis. Additionally, these severe complications further sup- 
port the recommendation of simultaneous use of dexa- 
methasone sodium phosphate,>*“” especially in the 
presence of increased intracranial pressure and at doses 
higher than 6 mg/d. The reduction in plasma levels of 
praziquantel brought about by the simultaneous use of 
dexamethasone®* may explain the low efficacy of prazi- 
quantel among our patients when compared with results 
reported by others.” In contrast, our results with alben- 
dazole indicated a degree of efficacy comparable with that 
reported in other studies'!'>'>% carried out without the 
combined use of dexamethasone. This seems to suggest 
that the effect of albendazole on the cysticercus is not im- 
paired by dexamethasone. The use of nonsteroidal anti- 
inflammatory drugs has been proposed as an alternative 
to dexamethasone, '*™ but the validity of this proposal re- 
quires further testing. 

Analysis of clinical course showed that, although epi- 
leptic seizures were controlled in 58% of group 1 patients 
and in 91% of group 2 patients, no patient was able fully 
to discontinue the antiepileptic medication regimen. The 
presence of numerous cystic lesions before treatment may 
have contributed to the onset of dementia (case 18, Table 
2) or of organic psychosis (case 32, Table 2), probably ow- 
ing to the phenomenon of inflammatory reaction to mas- 
sive release of cysticercal antigens with the death of the 
parasite.” Among the patients with increased intracranial 
pressure, 67% of those in group 1 and 75% of those in 
group 2 were asymptomatic at the end of the trial, 
although some of them (one in group 1 and three in group 
2) required a ventriculoperitoneal shunt owing to hydro- 
cephalus secondary to arachnoiditis. However, anticys- 
ticercal therapy did not prevent the later onset of highly 
disabling sequelae such as amaurosis, hemiparesis, and 
dementia observed in some cases, nor did it prevent the 
death of another patient. The improvement in CT scan 
and in clinical signs and symptoms does not necessarily 
represent a “cure” of the disease,’ since asymptomatic 
patients not infrequently may present complications or 
even sudden death after long uneventful periods. 

Our results indicate that albendazole should be consid- 
ered the medication of choice for the treatment of active 
parenchymal brain cysticercosis, confirming the results 
reported by Sotelo et al. 1535 Its efficacy in some cases that 
had shown a poor therapeutic response to praziquantel" 
and its low cost represent additional advantages in rela- 
tion to praziquantel. However, we are still far from hav- 
ing a solution for neurocysticercosis. Although the advent 
of anticysticercal drugs represents a major advance, the 
risks and fallibility of treatment emphasize the fact that 
the real solution for this serious disease resides primarily 
in prevention of infestation. 


We are grateful to Elettra Greene for revising the English text. 
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Helps Patients Be Themselves 


EAS N 


Excellent 
Symptom Control 


“Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol 

.. Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(p<.02), and 84% rated pimozide better 
overall than haloperidol.” 


Significantly Less 
Sedation than 
Haloperidol 


In a double-blind, placebo-controlled 
study, '‘Pimozide was associated with 
lethargy or tiredness on significantly fewer 
days than haloperidol (p <.01), and this 
was reflected in greater immediate and 


2 


long-term patient acceptance... "2 


Documented 
Clinical Experience 


Pimozide has been used in the treatment 
of Tourette Syndrome for over 10 years.’ 


For more information on ORAP call 
1-800-292-4283, 


The Less Sedating Thérapy 
for Tourette Syndrome 


dicated for patients who have failed to respond satisfactorily to standard treatment GATE Pharmaceuticals 
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ORAP™ _ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 





INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment, 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette s Disorder was obtained 
in two controlled clinical investigations which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


1 ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette’s Disorder. 

2.  ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.9., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome. patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS) 

4. ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause 

5.  ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS-—Information for Patients) 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderly women, it is impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
dyskinesia is unknown 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn. 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown. 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
Chronic illness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satisfactory clinical response should be 
sought. The need for continued treatment should be reassessed periodically. 

If signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS-—information for 
Patients.) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrhythmias). Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identify cases where the clinical presentation includes both 
serious medical illness (e.g., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug fever and primary central nervous system (CNS) pathology. 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 

If a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported 

Hyperpyrexia, not associated with the above symptom complex, has been reported 

with other antipsychotic drugs. 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
Penodically thereafter, especially during the period of dose adjustment 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
Significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS—Carcinogenesis, Mutagenesis, Impairment of Fertility) 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 
anticonvulsant medication, with a history of seizures, or with EEG abnormalities, because 
they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 
Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of QT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 


Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 

Drug Interactions Because ORAP prolongs the OT interval of the electrocardiogram, an 
additive effect on QT interval would be anticipated if administered with other drugs, such 


as phenothiazines, tricyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS) 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiolytics, and alcohol 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
Conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro. a factor of potential importance if the 
Prescription of these drugs is contemplated in a patient with a previousty detected breast 
cancer. Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinscal studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time. 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless. female rats administered pimozide had prolonged estrus cycies, an effect 
also produced by other antipsychotic drugs. 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due tc an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxcity including increased resorptions were dose related Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks 

Labor and Delivery This drug has no recognized use in labor or delivery. 

Nursing Mothers \t is not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug. taking into account the mportance of the 
drug to the mother. 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited. 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette s Disorder. 


ADVERSE REACTIONS 
General Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
Teversible 


Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperrefiexia, opisthotonos, oculogyric crises) have been reported ‘ar less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 
Generally the occurrence and severity of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trihexyphenidy! hydrochloride may be required for control of 
such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases 

Withdrawal Emergent Neurological Signs: Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 

from the syndrome described below under ‘Tardive Dyskinesia’ except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia: ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
Movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in some patents 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
Puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia; antiparkinson agents 
usually do not alleviate the symptoms of this syndrome. It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome may be masked. 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 
not develop 


prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 
Neuroleptic Malignant Syndrome. E A E E edad 
reported with ORAP. (See WARNINGS for further information NMS.) 
Hyperpyrexia. Hyperpyresa has been reported with other antipsychotic drugs. 
Clinical Trials The following adverse reaction tabulation was derived ‘rom 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 
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Because clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 
Other Adverse Reactions In addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ARAP in conditions other than 
Tourette's Disorder. 

Body as 2 Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory: Postural hypotension, hypotension, hypertension, 
tachycardia, palpitations 

Gastrointestinal: Increased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss of libido 

Metabolic/Nutritional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 


Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic’ Hemolytic anemia 


OVERDOSAGE 
In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 


depression. 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary iheeaty: -assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma, or concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephrine and norepinephrine. Epinephrine should not be used. In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdo: 
should be observed for at least 4 days. As with al rugs the physician should conse, 
contacting a poison control center for additional information on the treatment of 
overdose. 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS—Laboratory Tests). 

in general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
Not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP. consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
‘one concludes that an increase in tic manifestations is a function of the 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint “LEMMON” and “ORAP-2"—NDC 
57844-187-01, botties of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 


Made in Canada 
Manufactured by: 
McNeil Pharmaceutical, (Canada) Ltd. Printed in USA 
Stouttville, Ontario L4A 7x7 Rev. A 6/88 
+ 
G AT GATE Pharmaceuticals 
Division of Lemmon Company 


1. Shapiro AK et al: Pediatrics 79:1032-1038, 1987. 
2. Ross MS et al: Am J Psychiatry 135:585-587, 1978. 
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E> DHE45 y 


Cihydroargofamine mesylate 
injection, Us? 


Acts directly on the serotonin 
receptors thought to be the 
source of migraine pain*"” 


È FAST RELIEF—In a group of 21 patients treated 
with D.H.E. 45, the mean pain score dropped 
71%! in 30 minutes’ 


D NONNARCOTIC — Nonaddictive, nonsedative 


Unlike ergotamine tartrate: 


È A venoconstrictor with minimal arterial 
vasoconstricting activity“* 


È Reduced incidence of nausea‘ 


È Aborts ongoing headache‘ 


*In animal models D.H.E. 45 was shown to bind selectively to 5-HT,, 
serotonin receptors. Clinical significance has not yet been 
established. 
tMean pain scores fell from 83 to 25 on a scale of 0 to 100, with 100 being the worst possible. 
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“For many [episodic migraine] patients drug dependence 


cycles have become established: for others, disabling 


headaches continue unabated, seemingly indefinitely. 
The use of DHE...has revolutionized the therapeutic 


approach to this segment... 


D.H.E. 45; 


(dihydroergotamine mesylate) 
injection, USP 


DESCRIPTION 


D.H.E. 45® is hydrogenated ergotamine as the mesylate. It is a clear, colorless, stable ampul 
solution containing per mL: 






dihydroergotamine mesylate, USP ..... 2.2... eee eee cece c cece cence es eeeseeee img 

methanesulfonic acid/sodium hydroxide ... . . qs to pH 3.6 +04 

BICOL USP orari we ciasais aan aSa 6.1% by vol. 

GU CRF, ET .- 15% by wt 

water for injection WSP aS tO cis 5. -ss:ccaniasccasaisiars cians asniey steaearacne binaries Seretse sae 1mL 
ACTIONS 


Dihydroergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the 
smooth muscle of peripheral and cranial blood vessels, and produces depression of central 
vasomotor centers. The compound also has the properties of serotonin antagonism. In 
comparison to ergotamine, the adrenergic blocking actions are more pronounced, the vaso- 
constrictive actions somewhat less pronounced, and there is reduced incidence and degree of 
nausea and vomiting. 

Onset of action occurs in 15 to 30 minutes following intramuscular administration and persists 
for 3-4 hours. 

Repeated dosage at 1 hour intervals up to 3 hours may be required to obtain maximal effect. 
INDICATIONS 

As therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so-called 
“histaminic cephalalgia”" when rapid control is desired or when other routes of administration are 
not feasible. 

CONTRAINDICATIONS 

Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal 
function, sepsis and pregnancy. Hypersensitivity. 
ADVERSE REACTIONS 


Numbness and tingling of fingers and toes, muscle pains in the extremities, weakness in the 
legs, precordial distress and pain, transient tachycardia or bradycardia, nausea, vomiting, 
localized edema and itching. 

There have been reports of pleural and retroperitoneal fibrosis in patients following prolonged 
use of dihydroergotamine. 
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N.H. Raskin, MD - 


DOSAGE AND ADMINISTRATION 

For vascular headache, 1 mL intramuscularly at first warning sign of headache, repeated 24 
1 hour intervals to a total of 3 mL. Optimal results are obtained by titrating the dose for several 
headaches to find the minimal effective dose for each patient and this dose should then be 
employed at onset of subsequent attacks. Where more rapid effect is desired, the intravenous 
route may be employed to a maximum of 2 mL. Total weekly dosage should not exceed 6 mL. 


OVERDOSAGE 

Failure to observe the upper limits of repeated parenteral dosage may result in eventua! onset 
of the peripheral toxic signs and symptoms of ergotism. Treatment includes discontinuance of the 
drug, warmth, vasodilators, and good nursing care to prevent tissue damage. 
HOW SUPPLIED 

As a clear, colorless and stable solution in ampuls containing: 







dihydroergotamine mesylate, USP ..... 2.2.2... cece cece ener eee e een e ences 1mg 
methanesulfonic acid/sodium hydroxide . qs to pH 36+ 0.4 
MONO USP c isset Barbies Waele casera ae aR 6.1% by vol. 
GWCODD, USP 5.52 scwiecicssaigiacerectasuntacedsse atemecies aaa EE 15% by wt 
Medeor for Mection USE G6 a A E O N O E imL 


Ampuls, 1 mL size — boxes of 20. 
To assure constant potency, protect the ampuls from light and heat. In the event the ampul solution 
becomes discolored, it should not be used. 


“Also known as Dyhydergot® 


SANDOZ PHARMACEUTICALS CORPORATION, East Hanover, NJ 07936 
[NOVEMBER 15, 1990 DHE-Z20(BB)] 
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Personality Changes in Alzheimer’s Disease 


Fernando G. Bozzola, MD; Philip B. Gorelick, MD, MPH; Sally Freels, PhD 


@ We profiled personality changes that were measured 
cross-sectionally on the Blessed Dementia Scale in 80 
patients with Alzheimer’s disease who were examined at a 
dementia clinic. The most common personality changes 
were diminished initiative/growing apathy (61.3%), relin- 
quishment of hobbies (55.0%), and increased rigidity 
(41.3%). The least frequent personality change was sexual 
misdemeanor (3.8%). Discriminant function analysis 
showed that the Global Deterioration Scale, the Clinical 
Rating Scale for Symptoms of Psychosis in Alzheimer’s Dis- 
ease, and the duration of dementia symptoms were the best 
predictors to classify personality change in an overall score 
of personality. However, cognitive impairment, as mea- 
sured by the Blessed Memory-Information-Concentration 
Test and Mini-Mental State Examination, was not a good 
predictor of overall personality change. Personality and be- 
havioral changes are common in Alzheimer’s disease and 
may not be attributed entirely to intellectual impairment. 
(Arch Neurol. 1992;49:297-300) 


SS disease (AD) is characterized by alteration 
in memory, visuospatial ability, abstraction, and 
language.’ Although personality and behavioral changes 
are a central feature of AD,? they are underscored infre- 

quently. Such changes are readily apparent to caregivers, 
may add substantially to caregiver burden, and may serve 
as a pivotal feature that leads to hospitalization or insti- 
tutionalization of the patient with AD. We present a 
cross-sectional descriptive profile of personality changes 
among 80 patients with AD who were examined at a de- 
mentia clinic, and we emphasize the relationship of per- 
sonality changes with commonly used measures of cog- 
nitive function and disease severity in AD. 


PATIENTS AND METHODS 
Patients 
Patients were selected for study if they were entered into the 
Michael Reese Hospital Dementia Registry, Chicago, Ill, be- 
tween August 1989 and October 1990, and if they met the crite- 
ria according to the Diagnostic and Statistical Manual of Mental 
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Disorders, Revised Third Edition? for AD. Data for the registry were 
collected by medical physicians who were training as neuro- 
science fellows under the direct supervision of an investigator 
(P.B.G.). While reliability of the data collection mechanism has 
not been tested previously, autopsy was used to validate diag- 
noses, when available. 

All study subjects underwent neurological examination, neu- 
ropsychological tests, computed tomography or magnetic reso- 
nance imaging of the head, and blood studies (including deter- 
mination of vitamin B, and folate levels, thyroid function, 
microhemagglutination assay—Treponema pallidum, and complete 
blood cell count), and screening tests of liver and renal function. 
Blinded to the dementia registry diagnosis, an investigator 
(F.G.B.) reviewed each record to validate the clinical diagnosis 
of dementia according to the criteria of the Diagnostic and Statis- 
tical Manual of Mental Disorders, Revised Third Edition.* There were 
80 patients who met the study inclusion criteria. There were 50 
whites, 30 blacks, 31 men, and 49 women. All were community 
dwellers. 


Methods 


Items about personality, interests, and drive from the Blessed 
Dementia Scale were used to assess personality change in AD. 
This particular section of the Blessed Dementia Scale consisted 
of 11 subitems (Table 1) that were scored respectively as either 
present (score of 1) or absent (score of 0).* For each patient with 
AD, the subscore for each item on the scale was summated across 
all items on the scale to arrive at an overall “personality score.” 
The Blessed Dementia Scale was administered to the patient's 
caregiver who was in close continual contact with the patient and 
was familiar with the patient’s behavior and personality over 
time. 

In addition to the Blessed Dementia Scale, the following study 
instruments were used: (1) Mini-Mental State Examination," 
(2) Blessed Memory-Information-Concentration Test, (3) Global 
Deterioration Scale,‘ (4) Clinical Rating Scale for Symptoms of 
Psychosis in AD,’ and (5) Hachinski Ischemic Score.’ Other 
study variables were age, age at onset of dementia, and duration 
of dementia symptoms, as estimated by the patient's caregiver. 


Statistical Analysis 


For continuous variables, means, SDs, and ranges were calcu- 
lated, when appropriate. For categorical variables, percentages 
were determined. The frequency of individual personality char- 
acteristics was analyzed across tertiles, and the frequency of 
other clinical features (eg, age, Blessed Memory-Information- 
Concentration Test) was analyzed across personality score 
tertiles by one-way analysis of variance. Stepwise discriminant 
function analysis was used to determine clinical features that 
were the best predictors of tertiles of the personality score. Data 
analysis was carried out with the use of the SPSS/PC+ 3.1 pro- 


gram. 
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RESULTS 
Clinical Features 


As given in Table 2, the mean age of patients in the 
study was 73.65 years, and the mean age at onset of de- 
mentia symptoms was about 70 years. Duration of AD 
symptoms was approximately 43.5 months. The mean 
score on the Mini-Mental State Examination was 15.61; 
the Blessed Memory-Information-Concentration Test 
mean score was 17.28; the Clinical Rating Scale for Symp- 
toms of Psychosis in AD mean score was 3.47; the mean 
Hachinski Ischemic Score was 1.80; the Global Deteriora- 
tion Scale mean score was 4.71; and the mean personality 
score was 3.53. 


Frequency of Personality Changes 


Table 1 summarizes the percentage and proportion of 
patients who had any of the listed personality changes. 
The most common personality changes were diminished 
initiative/growing apathy (61.3%), relinquishment of hob- 
bies (55.0%), and increased rigidity (41.3%). Intermediate 
in frequency was impairment of regard for feelings of 
others (38.8%), coarsening of affect (36.3%), diminished 
emotional responsiveness (33.8%), purposeless hyperac- 
tivity (28.8%), and increased egocentricity (26.3%). Low- 
est in frequency was impairment of emotional control 


Table 1.—Frequency of Personality Changes 
in Alzheimer’s Disease 


% (Proportion) 













Personality Characteristic 








Increased rigidity 41.3 (33/80) 
Increased egocentricity 26.3 (21/80) 
Impairment of regard for feelings of others 38.8 (31/80) 
Coarsening of affect 36.3 (29/80) 
Impairment of emotional control 18.8 (15/80) 
Hilarity in inappropriate situations 12.5 (10/80) 
Diminished emotional responsiveness 33.8 (27/80) 
Sexual misdemeanor 3.8 (3/80) 

Hobbies relinquished 55.0 (44/80) 
Diminished initiative/growing apathy 61.3 (49/80) 
Purposeless hyperactivity 28.8 (23/80) 





Personality Characteristic 





Table 3.—Personality Characteristic Analyzed by Tertile 


On 
1st Tertile (n= 26) 


(18.8%), hilarity in inappropriate situations (12.5%), and 
sexual misdemeanor (3.8%). 


Frequency of Personality Changes Across Tertiles 


After grouping the personality scores by tertile, the fre- 
quency of individual personality characteristics was stud- 
ied across tertiles (Table 3). Overall, the frequency of oc- 
currence of individual personality characteristics steadily 
increased from one tertile to the next. However, for the 
personality characteristic sexual misdemeanor, the fre- 
quency in both the first and second tertiles was 0%. This 
feature did not become prevalent until the third tertile. 


Clinical Features Analyzed by Personality Score Tertile 


Clinical features were compared across personality 
score tertiles by one-way analysis of variance (Table 4). 
Overall, there was a corresponding mean increase in each* 
respective clinical feature across tertiles. The mean in- 
crease across tertiles was statistically significant for the 
following variables: duration of dementia symptoms, 


Table 2.—Clinical Features 


Mean + SD 
(Range) 


73.65+9.28 
(49-96) 


70.01+9.19 
(47-87) 


43.49+38.95 
(2-240) 
15.61+8.46 
(0-30) 
17.28+8.34 
(6-33) 
3.47+3.61 
(0-17) 
1.80+1.63 
(0-7) 
4.71+1.30 
(2-7) 


3.5342.74 
(0-11) 


Feature 





Age, y 


Age at onset of symptoms, y 


Duration of symptoms, mo 


Folstein Mini-Mental State Examination 
score 


Blessed Mental Status Test (errors) score 
Clinical Rating Scale for Symptoms of 

Psychosis in Alzheimer’s Disease score 
Hachinski Ischemic Score 


Globa! Deterioration Scale score 


Personality score 


Frequency, % (Proportion) 


2nd Tertile (n=27) 3rd Tertile (n= 27) 























Purposeless hyperactivity 
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Increased rigidity 11.5 (3/26) 37.0 (10/27) 74.1 (20/27) 
Increased egocentricity 0.0 (0/26) 14.8 (4/27) 63.0 (17/27) 
Impairment of regard for feelings of others 0.0 (0/26) 25.9 (7/27) 88.9 (24/27) 
Coarsening of affect 11.5 (3/26) 22.2 (6/27) 74.1 (20/27) 
Impairment of emotional control 8 (1/26) 11.1 (3/27) 40.7 (11/27) 
Hilarity in inappropriate situations 3.8 (1/26) 0.0 (0/27) 33.3 (9/27) 
Diminished emotional responsiveness 0.0 (0/26) 33.3 (9/27) 66.7 (18/27) 
Sexual misdemeanor 0.0 (0/26) 0.0 (0/27) 11.1 (3/27) 
Hobbies relinquished 3.8 (1/26) 70.4 (19/27) 88.9 (24/27) 
Diminished initiative/growing apathy 26.9 (7/26) 70.4 (19/27) 85.2 (23/27) 


11.5 (3/26) 





25.9 (7/27) 48.1 (13/27) 
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Table 4.—Clinical Features Analyzed by Personality Score Tertile 


Personality Score, Mean+SD 
sss) ng, 
Clinical Feature 1st Tertile 2nd Tertile 3rd Tertile 








Age, y 71.65+10.46 73.81+7.65 74.58+8.97 
Age at onset of symptoms, y 69.50+11.11 71.48+7.65 68.96+8.76 
Duration of symptoms, mo 26.884 24.63 38.80+31.26 66.24+48.17* 
Blessed Mental Status Test score 12.15+5.91 19.27+7.04 23.70+9.42+ 
Folstein Mini-Mental State Examination score 19.42+6.88 16.38+8.15 10.28+7.96¢ 


Clinical Rating Scale for Symptoms of Psychosis 
in Alzheimer’s Disease score 1.24+2.16 3.54+4.08 5.54+3.02§ 


Global Deterioration Scale score 3.8741.15 4.56+1.19 5.65+0.93§ 





*P= 0003 (results of Kruskal-Wallis test one-way analysis of variance; same applies to P values below). 
tP=.0093. 


+P=.0012. 
§P=.0001. 
3 ELE PTE 3 = of abnormalities.’ These include demanding and overcrit- 
Table 5.—Stepwise Discriminant Function of Clinical ical behaviors, suspiciousness, violence, hallucinations, 
cig sot abhi! Soaked Boas ie eh delusions, depression, euphoria, rigidity, explosiveness, 
Independent Variable Wilks’ A P uncooperativeness, disorganization, restlessness, psy- 













chomotor agitation, lability, withdrawal, hypochondria- 
sis, apathy, paranoia, and other symptoms. Petry and 
colleagues” found that patients with AD became more 
passive, more coarse, and less spontaneous. They con- 
cluded that personality changes (1) were a consistent part 
of the clinical syndrome, (2) occurred early in the course 

*Percentage of cases correctly classified with the independent of disease and were common, (3) could not be attributed 
variables: overall, 66.2%; first tertile, 73.9%; second tertile, 52.2%; entirely to declining intellectual function, and (4) reflected 
and Seed Sorte, 72106: structural and functional alterations produced by the dis- 
ease process. 


Global Deterioration Scale .67634 .0001 


Clinical Rating Scale for 
Symptoms of Psychosis in 
Alzheimer’s Disease .58808 .0001 


Duration of symptoms .55662 .0001 





Blessed Memory-Information-Concentration Test, Mini- It is difficult to compare studies of personality in AD as 
Mental State Examination, Clinical Rating Scale for Symp- they encompass disparate methods and patients. Rubin 
toms of Psychosis in AD, and Global Deterioration Scale. and colleagues” studied older patients with AD who had 
a Í g mild dementia, as codified by a clinical dementia rating of 

Clinical Predictors of the Personality Score 1, and they administered the Blessed Dementia Scale. 


Discriminant function analysis was used to determine Personality changes were noted frequently and early in 
independent predictors of the overall personality scoreby the course of the disease. Similar to our data, common 
tertile (Table 5). By this procedure, the clinical features personality changes were diminished initiative (39/44), 

¿listed in Table 1 were designated as independent vari- _relinquishment of hobbies (32/44), rigidity (21/44), impair- 
ables, and the personality score tertiles were the depen- ment of emotional control (21/44), and loss of concern for 
dent variables. Only the Global Deterioration Scale feelings of others (20/44). The least common change was 
(P=.0001), the Clinical Rating Scale for Symptoms of sexual misdemeanor. 


Psychosis in AD (P= .0001), and the variable duration of In our study, the Global Deterioration Scale, the Clin- 
dementia symptoms (P=.0001) were independent pre- ical Rating Scale for Symptoms of Psychosis in AD, and 
dictors of the personality score by tertiles. duration of symptoms of dementia were independent 
predictors of our overall measure of the items on person- 

COMMENT ality change in the Blessed Dementia Scale, ie, the 

Data from this study on personality changesin AD may personality score. The Global Deterioration Scale includes 
be summarized as follows: (1) The most common person- features of behavioral and personality changes in its de- 
ality changes as measured by the Blessed Dementia Scale scription of stage 6, which is a more severe and advanced 
included diminished initiative/growing apathy, relin- stage of dementia. Thus, it is not surprising that, in our 
quishment of hobbies, and increased rigidity of personal- study patients, the Global Deterioration Scale was an in- 
ity; the least frequent changes were impairment of emo- dependent predictor of the personality score as many of 


tional control, hilarity in inappropriate situations, and our patients fell into the more severe Global Deterioration 
occurrence of sexual misdemeanor. (2) The prevalence of Scale classes. A similar overlap of behavioral and person- 
clinical features also increased when measured across ality features is expected with the Clinical Rating Scale for 
r personality score tertiles. (3) The Global Deterioration Symptoms of Psychosis in AD. While duration of disease 


Scale, the Clinical Rating Scale for Symptoms of Psycho- was an independent predictor of overall personality 
sis in AD, and the variable duration of dementia symp- alteration, cognitive impairment, as measured by the 
toms were the best predictors of the personality score by Blessed Memory-Information-Concentration Test and 
tertiles. Mini-Mental State Examination, was not an independent 


Behavioral changes in AD encompass a wide spectrum predictor. This finding was concordant with the conclu- 
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sion of Petry and colleagues” that behavioral changes 
cannot be attributed entirely to intellectual impairment. 

Our study must be interpreted within the context of its 
limitations. First, our patients with AD were referred; 
thus, they may represent a selected group whose person- 
ality and other disease features may not be generalizable 
to those in the community. Second, we relied on self- 
report information from caregivers to determine person- 
ality changes in our patients with AD. While our caregiv- 
ers’ assessments may be correct, we could not validate 
their responses and did not measure factors that might 
have been influencing their interpretation of the patient's 
personality alterations, such as the level of caregiver bur- 
den, socioeconomic status, general health status, level of 
depression, and cognitive ability." Third, the study was 
retrospective (ie, it was initiated after the disease process 
was diagnosed) and cross-sectional. Thus, we cannot ac- 
curately make inferences about the occurrence of the ear- 
liest personality changes in AD or rate of development of 
subsequent personality changes over time. Fourth, there 
was no control or comparison group that would have 
bolstered the study design. 

Personality and behavioral changes are common in AD. 
Recognition of these manifestations is important as they 
may provide insights into the clinical and functional- 
neuroanatomical classification of AD and the clinical 
course and prognosis. Furthermore, personality change 
may be a pivotal feature that leads to hospitalization and 
institutionalization." 


This study was supported in part by Clinical Investigator Award 
AG00350-03 from the National Institute on Aging, Bethesda, Md (Dr 
Gorelick), by the M. R. Bauer Foundation, Chicago, Ill, and by the 
Metropolitan Heart Association of Chicago. 
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POSTHF PETIC NFU (ALGIA 


There Are Many Words To Describe The Pain. 


STABBING 
PENETRATING 
SHA 


RP 
JABBING 
SHOOTING 
UNBEARABLE 
PIERCING 
GRIPPING 
SEARING 


And One For Treating It. 


Zostnx 


r When patients describe the "hurt" of postherpetic neuralgia (PHN), they 
use awide range of words to i j i í 





g describe a pain that is often intractabl 
icul eat. Zostrix® (Capsaicin 0.025% w/w) Cream provides an 
ltreat t that alleviates int ini t PHN 


effective topical treatmenttha’ ense painin mos patients. 
Topical Zostrix Works Where It Hurts 


Zostrix 


Capsaicin 0.025% wiw)Cream 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 


EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 
No known interactions with systemic medications commonly 
prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 





DESCRIPTION 

Zostrix Cream contains capsaicin, 0.025% w/w, in an emollient base containing benzyl 
alcohol, cetyl alcohol, glyceryl monostearate, isopropyl myristate, polyoxyethylene stearate 
blend, purified water, sorbitol solution and white petrolatum. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical name 
trans-8-methy|-N-vanillyl-6-nonenamide. Capsaicin is a white crystalline powder with a 
molecular weight of 305.4. It is practically insoluble in water but very soluble in alcohol, ether 
and chloroform 


ACTION 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin and joints insensitive to pain by depleting 
and preventing reaccumulation of substance P in peripheral sensory neurons. Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery to the 
central nervous system. In addition, substance P has been shown to be released into joint 
tissues and activate inflammatory mediators involved with the pathogenesis of rheumatoid 
arthritis 


INDICATION 

Zostrix is indicated for the temporary relief of peripheral neuralgias such as the pain 
following shingles (herpes zoster). Zostrix is also indicated for the temporary relief of the 
pain associated with rheumatoid arthritis and osteoarthritis 


WARNINGS 

FOR EXTERNAL USE ONLY. Avoid contact with eyes and broken or irritated skin. Do not 
bandage tightly. If condition worsens, or does not improve after 28 days, discontinue use 
of this product and consult your physician. Keep this and all drugs out of the reach 
of children. In case of accidental ingestion, seek professional assistance or contact a 
Poison Control Center immediately 


DIRECTIONS 

Adults and children 2 years of age and older: Apply Zostrix to affected area 3 to 4 times daily 
Transient burning may occur upon application, but usually disappears in 72 hours 
Application schedules of less than 3 to 4 times a day may not provide optimum pain relief 
and the burning sensation may persist. Wash hands immediately after applying 


Zostrix. 

HOW SUPPLIED 

1.5 oz tube (NDC 52761-552-45) Store at room temperature. 
3.0 oz tube (NDC 52761-552-85) U.S. Patent Nos. 4486450 and 5536404 
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® 
A proven combination for the FIORI NALwitn 
symptom complex of tension 
headache, including the pain- D 
relieving potency of codeine. C APSU LE Ss i 4 í 


Please see brief summary of prescribing information (Each capsule contains: codeine phosphate 30 mg; 
on following page (Warming: May be habit-forming]; butalbital 50 mg; 
f Waning: May be habit-forming]; caffeine 40 mg; 
and aspirin 325 mg) 


Potent relief of tension headache pain 
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bed 


BRIEF SUMMARY: Please see package insert for full prescribing information 


ESINE Gi 
(Codeine phosphate USP. 30 mg [warning may be habit forming]. butalbital USP, 50 mg [warning may be habit 
forming], caffeine USP, 40 mg; aspirin USP. 325 mg) 


CAUTION: Federal law prohibits dispensing without prescription 


CONTRAINDICATIONS: Fiorinal® with Codeine is contraindicated under the following conditions 

1. Hypersensitivity or intolerance to aspirin, caffeine, butalbital or codeine 

2 Patients with a hemorrhagic diathesis (e.g, hemophilia, hypoprothrombinemia, von Willebrand's disease, the 
thrombocytopenia, thrombasthenia and other ill-defined hereditary platelet dysfunctions. severe vitamin K deficiency 
and severe liver damage.) 

3, Patients with the syndrome of nasal polyps, angioedema and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory drugs. Anaphylactoid reactions have occurred in such patients 

4. Peptic ulcer or other serious gastrointestinal lesions 

5, Patients with porphyria 


WARNINGS: Therapeutic doses of aspirin can cause anaphylactic shock and other severe allergic reactions. I 
should be ascertained it the patient is allergic to aspirin, although a specific history of allergy may be lacking 

Significant bleeding can result from aspirin therapy in patients with peptic ulcer or other gastrointestinal lesions, 
and in patients with bleeding disorders 

Aspirin administered pre-operatively may prolong the bleeding time 

In the presence of head injury or other intracranial lesions, the respiratory depressant effects of codeine and 
other narcotics may be markedly enhanced, as well as their capacity for elevating cerebrospinal fluid pressure. 
Narcotics also produce other CNS depressant effects, such as drowsiness, that may further obscure the clinical 
course of patients with head injuries. 

Codeine or other narcotics may obscure signs on which to judge the diagnosis or clinical course of patients 
with acute abdominal conditions. 

Butalbital and codeine are both nabit-forming and potentially abusable. Consequently, the extended use of Fiorinal® 
with Codeine is not recommended 

Results from epidemiologic studies indicate an association between aspirin and Reye Syndrome. Caution should 
be used in administering this product to children, including teenagers, with chicken pox or flu 


PRECAUTIONS: General: Fiorinal® with Codeine should be prescribed with caution for certain special-risk patients 
such as the elderly or debilitated, and those with severe impairment of renal or hepatic function, coagulation disorders. 
or head injuries 

Aspirin should be used with caution in patients on anticoagulant therapy and in patients with underlying hemostatic 
detects 

Precautions should be taken when administering salicylates to persons with known allergies. Hypersensitivity to 
aspinn is particularly likely in patients with nasal polyps, and relatively common in those with asthma 

Information for Patients: Patients should be informed that Fioninal® with Codeine contains aspirin and should 
not be taken by patients with an aspirin allergy 

Fiorinal® with Codeine may impair the mental and/or physical abilities required for performance of potentially 
es tasks such as driving a car or operating machinery. Such tasks should be avoided while taking Fiorinal® 
with leine 

Alcohol and other CNS depressants may produce an additive CNS depression when taken with Fiorinal® with 
Codeine, and should be avoided 

Codeine and butalbital may be habit-forming. Patients should take the drug only for as long as it is prescribed, 
inthe amounts prescribed, and no more frequently than prescribed 

Laboratory Tests: in patients with severe hepatic or renal disease, effects of therapy should be monitored with 
serial liver and/or renal function tests 

Drug Interactions: The CNS effects of butalbital may be enhanced by monoamine oxidase (MAO) inhibitors 

In patients receiving concomitant corticosteroids and chronic use of aspirin, withdrawal of corticosteroids may 
result in salicylism because corticosteroids enhance renal clearance of salicylates and their withdrawal is followed 
by return to normal rates of renal clearance 

Fiorinal® with Codeine may enhance the effects of 
1 Oral anticoagulants, causing bleeding by inhibiting prothrombin formation in the liver and displacing anticoagulants 

from plasma protein binding sites. 

2. Oral antidiabetic agents and insulin, causing hypoglycemia by contributing an additive effect, f dosage ol Fiorinal® 
with Codeine exceeds maximum recommended daily dosage 

3. 6-mercaptopurine and methotrexate, causing bone marrow toxicity and blood dyscrasias by displacing these drugs 
from secondary binding sites, and, in the case of methotrexate, also reducing is excretion 

4 ae anti-intlammatory agents, increasing the risk of peptic ulceration and bleeding by contributing additive 
effects 

5, Other narcotic analgesics, alcohol, general anesthetics, tranquilizers such as chlordiazepoxide, sedative-nypnotics, 
or other CNS depressants, causing increased CNS depression 

Fiorinal® with Codeine may diminish the effects of Uricosuric agents such as probenecid and sulfinpyrazone, 
reducing their effectiveness in the treatment of gout Aspirin competes with these agents for protein binding sites 

Drug/Laboratory Test interactions 

Aspirin: Aspirin may intertere with the following laboratory determinations in blood: serum amylase, fasting blood 
glucose, cholesterol, protein, serum gamo aaae transaminase (SGOT), uric acid, prothrombin time and bleeding 
time. Aspirin may interfere with the following laboratory determinations in urine glucose, 5-hydroxyindoleacetic acid, 
Gerhardt ketone, vanillyimandelic acid (VMA), uric acid, diacetic acid, and spectrophotometnic detection of barbiturates 

Codeine: Codeine may increase serum amylase levels. 

Carcinogenesis, Mı Impairment of Fertility: Adequate long-term studies nave been conducted in 
mice and rats with aspirin, alone or in combination with other drugs, in which no evidence of carcinogenesis was 
seen No adequate studies nave been conducted in animais to determine whether aspirin has a potential for mutagenesis 
or impairment of fertility No adequate studies nave been conducted in animals to determine whether butalbital 
has a potential for carcinogenesis, Mutagenesis, or impairment of fertility. 

Usage in Pregnancy 

Teratogenic Effects: Pregnancy Category C — Animal reproduction studies have not been conducted with Fionnal® 
with Codeine. It is also not known whether Fiorinal® with Codeine can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity Fiorinal® with Codeine should be given to a pregnant woman 
only when clearly needed 

Nonteratogenic Effects: Although Fiorinal® with Codeine was not implicated in the birth defect, a female infant 
was born with lissencephaly pachygyria and heterotopic gray matter. The infant was born 8 weeks prematurely 
to a woman who had taken an average of 90 Fiorinal® with Codeine capsules each month from the first few days 
of pregnancy. The child's development was mildly delayed and from one year of age she had partial simple motor 
seizures. 

Withdrawal seizures were reported in a two-day-old male infant whose mother had taken a butalbital-containing 
drug during the last 2 months of pregnancy. Butalbital was found in the infant's serum. The infant was given phenobarbital 
5mq/kg, which was tapered without further seizure or other withdrawal symptoms 

Studies of aspirin use in pregnant women have not shown that aspirin increases the risk of abnormalities when 
administered during the first trimester of pregnancy In controlled studies involving 41,337 pregnant women and 
their offspring, there was no evidence thal aspirin taken during pregnancy caused stillbirth, neonatal death or reduced 
birth weight In controlled studies of 50,282 pregnant women and their offspring, aspirin administration in moderate 
and heavy doses during the first four lunar months of pregnancy showed no teratogenic effect 

Reproduction studies have been performed in rabbits and rats at doses up to 150 times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to codeine 

Therapeutic doses of aspirin in pregnant women close to term may Cause bleeding in mother, fetus, or neonate 
During the last 6 months of pregnancy, regular use of aspirin in high doses may prolong pregnancy and delivery. 

Labor and Delivery: Ingestion of aspirin prior to delivery may prolong delivery or lead to bleeding in the mother 
or neonate. Use of codeine during labor may lead to respiratory depression in the neonate 

Nursing Mothers: Aspirin, caffeine, barbiturates and codeine are excreted in breast milk in small amounts, but 
the significance of their effects on nursing infants is not known. Because of potential for serious adverse reactions 
in nursing infants from Fiorinal® with Codeine, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS: Commonly Observed: The most commonly reported adverse events associated wilh the 
use of Fiorinal® with Codeine and not reported at an equivalent incidence by placebo-treated patients were nausea 
and/or abdominal pain, drowsiness, and dizziness 

with Treatment Discontinuation: O! the 382 patients treated with Fiorinal® with Codeine in controlled 
clinical trials, three (0.8%| discontinued treatment with Fiorinal® with Codeine because of adverse events One patient 
each discontinued treatment for the following reasons: gastrointestinal upset lightheadedness and heavy eyelids, 
and drowsiness and generalized tingling 


Incidence in Controlled Clinical Trials: The following table summarizes the incidence rates of the adverse 
events reported by at least 1% of the Fiorinal® with Codeine treated patients in controlled clinical trials comparing 
Fiorinal® with Codeine to placebo, and provides a comparison to the incidence rates reported by the placebo- 
treated patients. 

The prescriber should De aware that these figures cannot be used to predict the incidence of side effects in 
the course of usual medical practice where patient characteristics and other factors differ from those that prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with figures obtained from other clinical 
investigations involving diferent treatments, uses, and investigators. 


Adverse Events Reported by at Least 1% of Fiorinal® with Codeine Treated Patients 
During Placebo Controlled Clinical Trials 











ae Incidence Rate of Adverse Events 
Body System/ Fiorinal® /Codeine Placebo 
_ Adverse Event 7 __ (N= 382) (N= 377) 
Central Nervous 

Drowsiness 24% 0.5% 

Dizziness/Lightheadecness 26% 0.5% 

Intoxicated Feeling 10% 0% 
Gastrointestinal 

Nausea/Abdominal Pain i 3 7% 0.8% — 





Other Adverse Events During Controlled Clinical Trials: The listing that follows represents the proportion 
of the 382 patients exposed to Fiorinal® with Codeine while participating in the controlled clinical trials who reported, 
on at least one occasion, an adverse event of the type cited. All reported adverse events, except those already 
presented in the previous table, are included. It is important to emphasize that, although the adverse events reported 
did occur while the patient was receiving Fiorinal® with Codeine, the adverse events were not necessarily caused 
by Fiorinal® with Codeine 

Adverse events are classified by body system and frequency. “Frequent” is defined as an adverse event which 
occurred in at least 1/100 (1%) of the patients, all adverse events listed in the previous table are frequent. “Infrequent” 
is defined as an adverse event that occurred in less than 1/100 patients but at least 1/1000 patients. All adverse 
events tabulated below are classified as infrequent 


Central Nervous: headache, shaky feeling, tingling, agitation, fainting, fatigue, heavy eyelids, high energy, hot spells * 


numbness, and sluggisniness 

‘Autonomic Nervous dry mouth and hyperhidrosis 

Gastrointestinal: vorniting, difficulty swallowing, and heartburn 

Cardiovascular: tachycardia 

Musculoskeletal: leg pain and muscle fatigue. 

Genitourinary: diuresis. 

Miscellaneous’ pruritus, fever, earache, nasal congestion, and tinnitus 

Voluntary reports of adverse drug events, temporally associated with Fiorinal® with Codeine, that have been received 
since market introduction and that were not reported in clinical trials by the patients treated with Fiorinal® with 
Codeine. are listed below Many or most of these events may have no causal relationship with the drug and are 
listed according to body system 

Central Nervous: Abuse. addiction, anxiety, depression, disorientation, hallucination, hyperactivity, insomnia, libido 
decrease, nervousness, neuropathy, psychosis, sedation, sexual activity increase, slurred speech, twitching, uncon- 
sciousness, vertigo. 

Autonomic Nervous. epistaxis. flushing, miosis, salvation 

Gastrointestinal’ anorexia, appetite increased, constipation, diarrhea, esophagitis, gastroenteritis, gastrointestinal 
spasm, hiccup, mou'h burning, pyloric ulcer. 

Cardiovascular. chest pain, hypotensive reaction, palpitations, syncope. 

Skin: erythema, erythema multiforme, extoliative dermatitis, hives, rash, toxic epidermal necrolysis. 

Urinary: kidney impairment, urinary difficulty. 

Miscellaneous: allergic reaction, anaphylactic shock, cholangiocarcinoma, drug interaction with erythromycin 
(stomach upset), edema. 

The following adverse drug events may be borne in mind as potential effects of the components of Fiorinal® 
with Codeine. Potential effects of high dosage are listed in the OVERDOSAGE section of this insert 

Aspirin: occult blood loss, hemolytic anemia, iron deficiency anemia, gastric distress, heartburn, nausea, peptic 
ulcer, prolonged bieeding time, acute airway obstruction, renal toxicity when taken in high doses tor prolonged 
periods, impaired urate excretion, hepatitis 

Caffeine: cardiac stimulation, irritability, tremor, dependence, nephrotoxicity, hyperglycemia 

Codeine: nausea, vomiting, drowsiness, lightheadedness, constipation, pruritus, 


DRUG ABUSE AND DEPENDENCE: Fiorinal® with Codeine is controlled by the Drug Enforcement Administration 
and is classified under Schedule Ill 

Codeine: Codeine can produce drug dependence of the morphine type and, therefore, has the potential for 
being abused. Psychological dependence, physical dependence, and tolerance may develop upon repeated 
administration and it should be prescribed and administered with the same degree of caution appropriate to the 
use of other oral narcotic medications 

Butalbital: Baroiturates may be habit forming: Tolerance, psychological dependence, and physical dependence 
may occur especally following prolonged use of high doses of barbiturates. The average dally dose for the barbiturate 
addict is usually about 1.500 mg. As tolerance to barbiturates develops, the amount needed to maintain the same 
level of intoxication increases; tolerance to a fatal dosage, however, does not increase more than two-fold. As this 
occurs, the margin between an intoxication dosage and fatal dosage becomes smaller The lethal dose of a barbiturate 
is far less if alconol is also ingested. Major withdrawal symptoms (convulsions and delirium) may occur within 16 
hours and last up to 5 days after abrupt cessation of these drugs. Intensity of withdrawal symptoms gradually declines 
over a period ot approximately 15 days. Treatment of barbiturate dependence consists of cautious and grad 
withdrawal of the drug. Barbiturate-dependent patients can be withdrawn by using a number of different withdrawal 
regimens. One method involves initiating treatment at the patient's regular dosage level and gradually decreasing 
the daily dosage as tolerated by the patient 


OVERDOSAGE: The toxic effects of acute overdosage of Fiorinal® with Codeine capsules are attributable mainly 
to the barbiturate and codeine components, and, to a lesser extent, aspirin. Because toxic effects of caffeine occur 
in very high dosages only, the possibility of significant caffeine toxicity from Fiorinal® with Codeine overdosage 
is unlikely. 

Signs and Symptoms: Symptoms attributable to acute barbiturate poisoning include drowsiness, confusion, and 
coma, respiratory depression; hypotension. shock. Symptoms attributable to acute aspirin poisoning include hyperpnea, 
acid-base disturbances with development of metabolic acidosis, vomiting and abdominal pain, tinnitus, hyperthermia, 
hypoprothrombinemia, restlessness, delirium, convulsions. Acute caffeine poisoning may cause insomnia, restlessness, 
tremor, and delirium, tachycardia and extrasystoles. Symptoms of acute codeine poisoning include the triad of: pinpoint 
pupils, marked depression of respiration, and loss of consciousness. Convulsions may Occur. 

Treatment: The following paragraphs describe one approach to the treatment of overdose with Fiorinal® with 
Codeine. However, because strategies for the management of an overdose continually evolve, consultation with a 
regional poison control center is strongly encouraged 

freatment consists primarily of management of barbiturate intoxication, reversal of the effects of codeine, and 
the correction of the acid-base imbalance due to salicylism. Vomiting should be induced mechanically or with emetics 
in the conscious patient. Gastric lavage may be used if the pharyngeal and laryngeal reflexes are present and 
if less than 4 hours have elapsed since ingestion. A cuffed endotracheal tube should be inserted before gastric 
lavage of the unconscious patient and when necessary to provide assisted respiration, Diuresis, alkalinization of 
the urine, anc correction of electrolyte disturbances should be accomplished through administration of intravenous 
fluids such as 1% sodium bicarbonate and 5% dextrose in water. 

Meticulous attention should be given to maintaining adequate pulmonary ventilation. Correction of hypotension 
may require the administration of levartereno! bitartrate or phenylephrine hydrochloride by intravenous infusion In 
severe cases of intoxication, peritoneal dialysis, hemodialysis, or exchange transfusion may be lifesaving. 
Hypoprothrombinemia should be treated with vitamin K, intravenously 

Methemogiobinemia over 30% should be treated with methylene biue by slow intravenous administration 

Naloxone, a narcotic antagonist, can reverse respiratory depression and coma associated with opioid overdose. 
Typically, a cose of 0.4 mg to 2 mg is guen parenterally and may be repeated if an adequate response is na 
achieved. Since the duration of action of codeine may exceed that of the antagonist. the patient should be et 
under continued surveillance and repeated doses of the antagonist should be administered as needed to maintain 
adequate respiration. A narcotic antagonist should not be administered in the absence of clinically significant respiratory 
or cardiovascular depression 

Toxic and Lethal Doses: 

Butalbital: toxic dose 1.0 g (adult); lethal dose 2.0-5.0 g 

Aspirin: toxic blood level greater than 30 mg/100 mL, lethal dose 10-30 g (adult) 
Caffeine: toxic dose greater than 1.0 g. lethal dose unknown 
Codeine lethal dose 0.5-1.0 g (adult) 
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An Estimate of the Incidence of Depression in Idiopathic 
Parkinson’s Disease 


George Dooneief, MD; Elizabeth Mirabello, MD; Karen Bell, MD; Karen Marder, MD; 
Yaakov Stern, PhD; Richard Mayeux, MD 


© Estimates of the prevalence of depression in idiopathic 
Parkinson’s disease vary, but have been greater than in most 
comparison groups. In a survey of patients with Parkinson’s 
disease (N = 339), the prevalence of depression was 47%. A 
total of 326 cases were reviewed to estimate the incidence 
of depression from September 30, 1984, to July 31, 1989. As- 
sessments of depression during both the prevalent and the in- 
cident periods were noted in 258 cases. There was no history 
of depression in 129 cases, and nine new cases occurred. The 
incidence rate was 1.86% per year and the cumulative risk was 
8.6%. Published estimates of the incidence of depression in the 
general population are few. In one study, the annual incidence 
of depression in individuals older than 40 years was 0.17%. In 
another, the incidence of depression in individuals older than 
50 years was 0.14% for men and 0.29% for women. Although 
our retrospective study probably underdiagnoses depression, 
the incidence of depression is increased in Parkinson’s disease. 
(Arch Neurol. 1992;49:305-307) 


E stimates of the prevalence of depression in idiopathic Par- 

kinson’s disease (PD) vary, but have been greater than 
in most comparison groups.’ The prevalence of depression 
is a function of the incidence of the new onset, duration, and 
recurrence rate of depressive episodes. We theorized that an 
estimate of the incidence, rather than the prevalence, would 
provide a better measure of the risk of depression in PD. In 
a survey of patients with PD that was completed on Septem- 
ber 30, 1984, we noted the prevalence of depression to be 
47%.” The current study estimates the incidence and the cu- 
mulative risk of depression in the same cohort of patients 
, with PD based on a second review of the medical records 4 
years and 10 months later. 


SUBJECTS AND METHODS 
Subjects 


All patient-records were obtained from the Columbia- 
Presbyterian Medical Center (CPMC), New York, NY. The medical 
center functions as both a tertiary referral center and a community 
hospital for northern Manhattan. The records of all patients with 
parkinsonism seen at CPMC between March 1, 1983, and Septem- 
ber 30, 1984 (N = 442), were reviewed. Three hundred thirty-nine of 
the patients were judged to have idiopathic PD with onset at the age 
of 40 years or older and were included in a prior study.* No new 
patients were entered into the cohort. 


Data Extraction 


All records were reviewed to determine the presence or 
absence of depression from September 30, 1984, to July 31, 1989, 
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a period of 4 years and 10 months. A data extraction form was 
developed for the process of record review. The date when de- 
pression was first diagnosed and the date of the last chart entry 
were recorded. When the date of the onset of depression was 
unclear, we used the midpoint between September 30, 1984, and 
the date of the last chart entry as the estimated date of onset. 

Subjects not examined at the medical center after September 30, 
1984, were tracked and telephoned. These subjects, or their respon- 
sible family member, were questioned using a structured interview 
to obtain information identical to that on the data extraction form. 
For these cases, the date of last entry was July 31, 1989. 


Diagnostic Criteria 

We used criteria for depression modified from the Diagnostic 
and Statistical Manual of Mental Disorders, Revised Third Edition.* A 
unified Parkinson's disease rating scale* score of 3 or more on the 
depression item was accepted as diagnostic. According to this 
scale, 0 indicates no depression; 1, periods of sadness or guilt, 
never sustained for days or weeks; 2, sustained depression (1 
week or longer); 3, sustained depression with vegetative symp- 
toms (insomnia, anorexia, weight loss, loss of interest); and 4, 
sustained depression with vegetative symptoms and suicidal 
thoughts or intent. Otherwise, depression was defined as a per- 
sistently depressed mood (not a grief reaction, eg, following the 
death of a spouse) or a feeling of sadness or being “down-in- 
the-dumps” associated with a loss of interest in usual activities 
and with vegetative signs and symptoms. 

For the diagnosis of depression, the following guide was used 
to assess the quality of diagnostic assurance: 

1. Definite. A neurologist or psychiatrist made the diagnosis 
and recorded the information in the chart. 

2. Probable. All of the signs and symptoms were present, but a 
“qualified” examiner had not written the diagnosis in the record. 

3. Possible. Symptoms and signs were mentioned by nurses, 
social workers, or other health professionals, but no diagnosis 
had been made. For telephone interviews, the diagnosis of de- 
pression was always considered “possible” unless we spoke to 
the patient’s physician. 

Only first episodes of depression were considered. 


Data Analysis 
Incidence rates, cumulative risk, and standardized morbidity 
ratios (SMRs) were calculated as described by Rothman." The 
SMRs were computed in comparison with age- and sex-specific 
rates from the studies by Essen-Moller and Hagnell,° Hagnell et 
al,” and Murphy et al. 


RESULTS 


The Figure outlines the flow of the original cohort; 339 pa- 
tients with PD were considered eligible for this review. No 
records were available for 13. Two had not been rated on the 
depression item, and 14 were rated “don’t know” during the 
initial survey. Of the remaining 310, 41 had no rating of de- 
pression during the incident period, as there was no new in- 
formation in the medical records and we were unable to lo- 
cate the patient or family. An additional 11 were rated “don’t 
know” during the incident period. This left 258 records for 
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Nondepressed: 120 9 Incident 


Depressions 








Flow chart for incidence study. 


review; 129 of these patients had been considered depressed 
in the previous study. Therefore, we began our review with 
the records of 129 patients who had not previously been de- 
pressed. There were 39 (30% ) women and 90 (70%) men (pro- 
portions similar to those in the original cohort [127 women 
and 199 men]). The mean age of this group at last chart entry 
was 71.5+9.3 years. 

After review of the 129 patient-records, 120 of the patients 
still did not demonstrate evidence of depression. First onset 
of depression was noted in nine patients. In seven cases, de- 
pression was clearly defined and the approximate date of on- 
set was noted in the record. In two patients, the onset of de- 
pression clearly occurred after September 30, 1984, but the 
date of onset could not be established. The diagnostic cer- 
tainty was definite in seven cases, probable in one case, and 
possible in one. The aggregate follow-up for the 129 patients 
from the end of the prevalent period until either the last chart 
entry or the date of onset of depression was 483 person- 
years. The incidence rate of depression in this cohort was 
therefore 1.86% per year, with 95% confidence interval from 
1.16% to 2.56% (Table 1). The cumulative risk for depression 
was 8.6% during this period. 
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0.021 219.8 
0.028 141.0 0.028 
0.014 110.8 0.018 
0 11.4 0 


0.021 483.0 0.0186 


Table 2.—Comparison of Nondepressed and 
Depressed Patients* 


Nondepressed Depressed 
120 9 


0.014 























No. 






















Male:female (ratio) 83:37 (2.2) 7:2 (3.5) 
In-patient 12 (10%) 1 (11%) 
Age, y 71.6+9.4 70.0+6.1 
Age at onset of PD, y 58.8+11.0 58.7+9.7 
Duration of disease, y 8.1+6.6 6.8+4.2 
Duration of levodopa 

therapy, y 5.8+4.6 5.444.7 
Family history of PD 20 (16%) 1 (11%) 
Responders to levodopa 90 (87%) 6 (86%)t 
Used dopa agonists 21 (18%) 2 (22%) 
Tremulous 79 (66%) 6 (67%) 
ADL (on), % 67.6+33.9 TA A275 
ADL (off), % 38.8+40.1 33323541 
Benign course 12 (11%) 2 (22%) 
Average course 101 (89%) 6 (67%) 





Rapid course 





0 1 (11%) 
PD indicates Parkinson’s disease; ADL, activities of daily living 
rating. 
tData missing for two patients. 





As shown in Table 2, the group that became depressed 
and the group that remained nondepressed did not differ 
significantly with respect to age, sex, age at onset of PD, 
duration of levodopa therapy, response to levodopa 
therapy, use of dopa agonists, family history of PD, pres- 
ence of tremor, or impairment of activities of daily living 
rating (on the Schwab and England? activities of daily liv- 
ing scale). The course of illness (rapid, average, or benign) 
did not predict depression. The average duration of PD 
was shorter in the depressed group, but this difference 
did not reach statistical significance. 

Age- and sex-specific SMRs for depression incidence 
rates revealed an overall SMR of 41.5; ie, depression was 
found 41.5 times more frequently in the patients with PD 
than would be expected in a general population, using the 
population study of Essen-Moller and Hagnell® to gener- 


a 


ate expected rates of depression. When data from the ex- + 


tension of this study were used,’ the overall SMR fell to 
10.3. Finally, the use of the sex-specific rates from the 
study by Murphy et alë revealed an SMR for depression 
incidence of 3.8 in women older than 50 years and an SMR 
of 148.9 for men older than 50 years. 
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COMMENT 


Depression is probably the most common mental distur- 
bance in PD.! Forty-seven percent of the patients with PD 
who we reviewed were depressed during the initial survey.” 
In a review of 14 studies that included more than 1500 pa- 
tients, Gotham et al” estimated the mean prevalence of de- 
pression in PD to be 46%, although prevalence ranged from 
20% to as high as 90% in these studies. Different sampling 
and assessment techniques may have accounted for much of 
the variation. In the healthy elderly population, Boyd and 
Weissman," in their review, noted that the point prevalence 
of depression was 3% for men and 4% for women. This cer- 
tainly suggests that depression is more prevalent in individ- 
uals with PD than in the healthy elderly. 

While the prevalence of depression has been described, 
and is higher in patients with PD than in age-matched con- 
trols, the incidence of depression in PD is unknown. In fact, 
the incidence of nonbipolar depression has rarely been re- 
ported. Boyd and Weissman" concluded that the lifetime 
risk for depression was 8% to 12% for men and 20% to 26% 
for women, but they felt that they could not confidently es- 
timate the incidence of depression from 12 studies reporting 
this statistic. Nine were case-registry studies, and the three 
longitudinal studies used varying diagnostic methods. The 
incidence rates ranged from 0.13% per year to 7.8% per year. 
Our figure of 1.86% per year fell within this broad range. 

In a study that employed an analysis of data from 
interviews with probands and their relatives and hospital 
records in a small rural district of Scania (the Lundby 
study),° the prevalence of depression in the adult popu- 
lation was 3.7% for women and 2.1% for men in 1947. A 
rereview of nearly 99% of the original cohort in 1957 
yielded 15 new cases of depression among those who 
were older than 40 years in 1947 during an aggregate 
follow-up of 8931 person-years—equivalent to an inci- 
dence rate of 0.17% per year. An additional review of this 
cohort, conducted in a similar fashion, revealed 104 new 
cases in the period from 1957 to 1972 (with an aggregate 
follow-up of 15404.4 person-years) among those older 
than 40 years in 1957, yielding an incidence rate of 0.68% 
per year.’ Murphy et al® reported an incidence of depres- 
sion of 0.14% per year for men older than 50 and an in- 
cidence of 0.29% per year for women older than 50 in a 
follow-up of a cohort of previously nondepressed subjects 
first interviewed in 1952 in the Stirling county study." 

Both the Lundby and the Stirling county studies were 
based primarily on interviews and were performed pro- 
spectively. Our study was a retrospective chart review. 
Cases might have been missed in our study, since the ap- 
propriate information might not have been sought or 
systematically recorded at the time of the examinations. 
As a result, our figures probably underestimate the inci- 
dence of depression in this cohort of patients with PD. 
Even so, the SMRs calculated with respect to the Lundby 
and Stirling county studies suggest that the incidence of 
depression is considerably higher in individuals with PD 
than in general populations of similar ages. 

While there are no other studies reporting the incidence 
of depression in PD, Brown et al,” in their follow-up of 

F 132 patients with PD noted that 15 of 96 previously non- 
depressed patients became depressed (on the basis of 
self-rating on the Beck Depression Inventory”) during a 
follow-up period with a median of 14 months. While they 
did not report an incidence rate, assuming a mean (rather 
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than median) follow-up of 14 months among the 81 non- 
depressed patients, and that the 15 newly depressed pa- 
tients had an onset of depression at an average of half the 
median follow-up period (7 months), then the aggregate 
follow-up for this cohort would be 103.5 person-years and 
an estimated incidence of depression would be 14.5% per 
year. This figure, however, must be regarded as a very 
rough approximation, given the nature of the method 
used to calculate it. Comparability with our data suffers 
from the differing criteria used (the Beck Depression In- 
ventory vs the Diagnostic and Statistical Manual of Mental 
Disorders—Revised Third Edition), as wellas from differences 
in the method of data collection (self-report vs chart 
review). However, Brown and colleagues’ data also sug- 
gest a high incidence of depression in PD. 

Our study is limited in many respects. Review of 
records may be insufficient to reliably assess the presence 
of depression, since the data are not always specifically 
asked for in routine visits. Psychiatric interviews were not 
performed nor were any depression measures adminis- 
tered systematically to this cohort. There was no “inter- 
nal” comparison group reviewed in a similar fashion that 
could be used as controls. However, we believe that these 
factors would tend to produce an underestimate of the 
incidence of depression in PD and that our figures are 
therefore probably conservative estimates. The utility of 
these data is that they allow the clinician to predict about 
an 8% to 9% chance of patients with PD developing de- 
pression over a 5-year period. A better estimate of the 
morbidity due to depression in PD awaits the completion 
of a prospective longitudinal follow-up (including psy- 
chiatric assessment) of a large cohort of patients with PD. 


This study was supported by federal grants AG-07232 and AG- 
02802, the Alzheimer’s Disease Research Center, New York, NY (AG- 
08702), and the Parkinson’s Disease Foundation of New York (NY). 
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Hypersexuality Following Septal Injury 


David G. Gorman, MD, Jeffrey L. Cummings, MD 


© Hypersexuality is an uncommon consequence of brain 
injury. We report two cases of markedly increased sexual 
activity following septal damage sustained in the course of 
placement of ventriculoperitoneal shunts. These two cases, 
observations in animal experiments, and descriptions of al- 
tered behavior in humans with localized brain dysfunction 
indicate that a circuit involving the septal nuclei has an im- 
portant role in the mediation of sexual behavior. 
(Arch Neurol. 1992;49:308-310) 


Hy rcrsexuality is an infrequently reported behavioral 

alteration in neurologic illness. Increased sexual 
behavior has been observed with localized lesions of the 
frontal lobe,’ as a component of secondary mania occur- 
ring with right hemisphere lesions,’ with bilateral anterior 
temporal lobe lesions in the Kliiver-Bucy syndrome,” in 
conjunction with epilepsy? (particularly in the postictal 
state or following temporal lobectomy), and as a rare 
consequence of the treatment of Parkinson’s disease with 
dopaminergic agents.* A unifying explanation of altered 
sexual behavior in these diverse clinical circumstances has 
not been formulated. 

We recently observed two patients who developed 
markedly increased sexual behavior following placement 
of ventriculoperitoneal (VP) shunts for hydrocephalus. In 
both cases the catheter tip was shown by computed 
tomography to have penetrated the dorsal septal region. 
We have not observed any other cases of hypersexuality 
following VP shunting in the past 10 years, during which 
a total of 16 patients with VP shunts were studied in a 
clinic specializing in the evaluation of neurobehavioral 
disturbances. No instances of septal insertion of a shunt 
catheter were observed in scans of these patients. Three 
patients in whom the shunt catheter passed through the 
dorsal or middle septum pellucidum into the contralateral 
ventricle avoiding the septal nuclear region evidenced no 
change in sexual interests or behavior. The relationship 
between septal injury and hypersexuality in the two pa- 
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~ 
tients described herein indicates that the septal nuclei 
play an important role in mediating sexual behavior. 


REPORT OF CASES 


CASE 1.—A 76-year-old right-handed man living in a nursing 
home was referred for evaluation of inappropriate sexual be- 
havior. He had never been married, courted very little, and had 
never used coarse or suggestive language. He had a stroke in 
1975 with full recovery except for minimal residual gait distur- 
bance. Ten years later he collapsed and was taken to a hospital 
where he was diagnosed as having normal pressure hydroceph- 
alus, anda VP shunt was placed. He remained unresponsive and 
was subsequently transferred to another hospital where the 
shunt was twice revised, improving his mental state. 

After the final shunt revision, there were many reports of the 
patient approaching and fondling female patients. He was noted 
to crawl into bed with other patients with sexual intent and to 
use sexually explicit language. He had to be restrained contin- 
uously to prevent the sexual behavior. The anomalous behavior 
had persisted for 3 years at the time of referral. 

On examination, the patient was alert and oriented. His digit 
span was seven digits forward and five in reverse. He could re- 
call three objects after 3 minutes, but remote memory was lim- 
ited. His insight and judgment were intact and his affect was 
appropriate. His speech was fluent. He could do simple calcu- 
lations and constructions. His word list generation was impaired 
(11 animals named in 1 minute). His performance on serial hand 
sequences and reciprocal programs was mildly impaired. Ort- 
neurologic examination, his strength and muscle stretch reflexes 
were symmetrical; flexion responses were elicited with plantar 
stimulation. His gait was retropulsive, and he was somewhat 
dysmetric in all four extremities. An electroencephalogram 
showed occasional right temporal spikes as well as generalized 
slowing. A computed tomographic scan (Fig 1) showed no hy- 
drocephalus, but the tip of the catheter was lodged in the sep- 
tum in the medial aspect of the floor of the lateral ventricles at 
the junction of the frontal horns. 

A series of open-label treatment trials were initiated to control 
the patient’s sexual impropriety. Carbamazepine, haloperidol, 
propranolol, and diethylstilbesterol were administered in con- 
ventional therapeutic doses for a minimum of 1 month each and 
had no discernible effect on his sexual behavior. He declined 
shunt revision. 

CASE 2.—A 75-year-old right-handed man was referred for 
evaluation of hypersexuality. In 1983 he had a herpetic rash in- 
volving his right eye and forehead. Encephalitis with coma fol- 
lowed, and the patient was treated with adenosine arabinoside. 
After recovery from the acute phase of the encephalitis, he was * 
transferred to a nursing home. Ventricular enlargement lead to 
placement of a VP shunt. 

Prior to the encephalitis, the patient and his wife had weekly 
sexual relations. In earlier years, he had occasionally expressed 
an interest in group sex, but when his wife declined he had not 
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Fig 1.— Case 1. Computed tomographic scan showing catheter tip 
in septum verum. 


insisted, and their sexual relationship was otherwise unremark- 
able. An increase in sexually motivated activity was apparent af- 
ter the patient regained consciousness from his encephalitis. He 
made sexual comments toward women he encountered in the 

* hospital, attempted to fondle the nurses, and masturbated pub- 
licly. After discovery of the hydrocephalus and shunt placement, 
his previously disinhibited sexual behavior was markedly in- 
creased and became “disgusting” according to his wife. He be- 
came “the man with a thousand hands,” attempting to fondle 
her each time she came within reach. He requested intercourse 
with her many times each day and also asked that she have sex 
with other men while he watched, an interest never previously 
expressed. The excessive sexual interest had been present for 2 
years at the time of assessment. 

On examination, the patient was alert, and his language, 
memory, and calculations were intact. He could name only six 
animals in 1 minute, and he could not interpret proverbs 
abstractly or copy complex figures. The neurologic examination 
showed no abnormalities except for mild psychomotor retarda- 
tion. A computed tomographic scan (Fig 2) revealed hydroceph- 
alus with the tip of the shunt inserted into the midline anterior 
hypothalamic-septal structures. The patient refused shunt revi- 
sion. (This case was previously reported by Miller et al.') 


COMMENT 


Markedly increased sexual behavior followed place- 
ment of VP shunts in these two patients. In both cases, 
computed tomography revealed that the shunt catheter 
tip was lodged in the septum. Several lines of evidence 
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Fig 2.—Case 2. Computed tomographic scan showing catheter tip 
in septal area. 


suggest that the septal injury was responsible for the 
change in sexual conduct. First, neither patient had evi- 
denced atypical sexual behavior before brain injury. 
Although patient 2 had disinhibited sexual behavior while 
in a postencephalitic confusional state prior to shunt 
placement, there was a dramatic exaggeration of sexual 
activity in a clear state of consciousness following the 
shunt insertion. Second, no similar cases of hypersexual- 
ity with VP shunts or hydrocephalus in the absence of 
septal injury have been observed by us or reported by 
others (to our knowledge). Third, we considered seizures 
as an alternative explanation for the behavioral changes, 
but the behavior was not confined to discrete episodes, 
was not accompanied by impaired consciousness or other 
evidence of seizures, and was not ameliorated by treat- 
ment with carbamazepine (case 1). Fourth, as reviewed 
below, damage to the septum in animals and humans has 
previously been associated with hypersexuality. 

The septal area has two divisions, the septum pelluci- 
dum and the septum verum.° The septum pellucidum is 
the thin dorsal tissue leaf separating the lateral ventricles 
and consisting of fiber tracts, glia, and ependymal lining, 
but no nuclei. The septum verum is ventral to this, 
between the subcallosal gyrus rostrally and the anterior 
commissure and anterior hypothalamus caudally. Most 
authors®’ include as its parts the lateral septal nuclei, the 
medial septal nuclei and diagonal band of Broca, the pos- 


Hypersexuality—Gorman & Cummings 309 


terior septal nuclei, the bed nucleus of the stria termina- 
lis, and the nucleus accumbens septi. The lateral septal 
nuclei receive their principal input from the hippocam- 
pus, and their main output is to the medial septal nuclei. 
They also receive projections from the ventral tegmental 
area, the bed nucleus of the stria terminalis, the nucleus 
accumbens, and the amygdala. The medial septal nuclei 
and the nuclei of the diagonal bands of Broca have their 
main input from the lateral septal nuclei; their major out- 
put is to the hippocampus via the fornix. The medial sep- 
tal nuclei and the nuclei of the diagonal bands also have 
connections with the amygdala, the orbital frontal cortex,® 
and the hypothalamic areas. The medial septal nuclei 
send fibers to the ventral tegmental area, locus ceruleus, 
and raphe nuclei in the brain stem.’ The posterior septal 
nuclei receive input from the hippocampus and direct 
their output to the habenular nuclei. The stria terminalis 
starts from the amygdala and ends in the septal region; 
within this white matter tract there are interstitial or “bed” 
nuclei that are extensions of the amygdaloid nuclei from 
the temporal lobe to the septal area.” The nucleus 
accumbens septi, also known as the limbic or ventral stri- 
atum, receives its input from the anterior cingulate cortex 
and projects to the ventral globus pallidus." 

Experiments with animals suggest a role for septal nu- 
clei in mediating sexual behavior. Alterations of sexual 
activity have been observed with both septal lesions and 
septal stimulation ina variety of species. Rasmussen et al’? 
reported a 400% increase in sexual drive of rats as 
measured by crossings of an electrical grid to a sex incen- 
tive following lesioning of the dorsal septal region. Cats 
with septal lesions exhibited both an increase in sexual 
activity and a change to indiscriminate sexuality, mount- 
ing rabbits and inanimate objects.” In squirrel monkeys, 
septal stimulation induced copulatory behavior." 

Relatively few discrete septal lesions or stimulations 
have previously been reported in humans. Heath and 
Fitzjarrell attempted to control seizures in a woman with 
epilepsy by placing a chemical stimulating catheter di- 
rectly into the septum. When acetylcholine was intro- 
duced into the septal region, the patient became euphoric 
and experienced sexual orgasm on each of twelve stimu- 
lations. At autopsy several years later, the septal position 
of the cannula was confirmed. Heath’ also recorded 
from the septum of patients during sexual intercourse 
and observed spike-wave activity in the region during 
orgasm. Sem-Jacobsen” performed stimulations in the 
septal region in two patients and elicited sexual inter- 
est or orgasm. 

Altered sexual behavior has also been reported with 
damage to the inferior frontal cortex, injury to the hypo- 
thalamus, and bilateral damage to the amygdaloid nuclei.” 
As described above, each of these areas has major 
anatomic connections with the septal region, and together 
they define a circuit of structures mediating sexual be- 
havior. Lesions in any of the regions, particularly if the 
lesions are bilateral, have a major impact on sexual activ- 
ity; sexual behavior may be increased or decreased 
depending on the site of injury. Bilateral lesions of the 
amygdaloid nuclei produce hypersexuality in the Kliiver- 
Bucy syndrome. Hypothalamic injury, on the other hand, 
typically results in reduced sexual behavior. Meyers'® re- 
ported impotence and diminished libido following de- 
structive lesions in the medial hypothalamic region made 
in the course of surgery for parkinsonism, and posterior 
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hypothalamotomy has been performed to reduce sexual 
behavior in individuals convicted of sexual misconduct.” 

Dopamine is an important transmitter at several of the 
synapses of the circuit mediating sexual behavior. It acts | 
at projections to septal nuclei from the ventral tegmental 
area, the bed nuclei, and the nucleus accumbens.” An 
occasional manifestation of dopamine toxicity is hyper- 
sexuality,* an effect that may be mediated by dysfunction 
of septal circuitry. 

In summary, we describe two patients with markedly 
increased sexual behavior following VP shunt placement 
and damage to the septal region. To our knowledge, this 
is a previously unreported complication of the manage- 
ment of hydrocephalus and is one of only a few descrip- 
tions of behavior changes associated with septal injury in 
humans. Experimental and clinical observations suggest 
that the septal nuclei form one locus on an amygdaloid-* 
hypothalmic-septal circuit that mediates sexual behavior. 


This project was supported by the Department of Veterans Affairs, 
by the French Foundation for Alzheimer’s Research, and by an 
Alzheimer’s Disease Core Center Grant from the National Institute 
on Aging, Bethesda, Md. 
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Watershed Infarction on Computed Tomographic Scan 


An Unreliable Sign of Hemodynamic Stroke 


Michael C. Graeber, MD; J. Eric Jordan, MD; Shri K. Mishra, MD; Stephen E. Nadeau, MD 


© We identified three patients with computed tomog- 
raphy—defined infarctions that were partly or exclusively 
located in watershed territories; clinical evaluation and ce- 
rebral angiography suggested that the infarcts were of em- 
bolic origin. In two patients, arteriography demonstrated 
minimal carotid plaque without evidence of significant 
stenosis. The third patient did have high-grade stenosis of 
the petrous portion of the ipsilateral internal carotid artery, 
but arteriography demonstrated a branch artery occlusion 
corresponding to the territory of the infarction. Although 
most authors suggest that watershed territory infarctions 
arise from hemodynamic events, cerebral embolization may 
be a common cause. 
(Arch Neurol. 1992;49:311-313) 


W atershed infarcts are ischemic lesions that occur in 

the border zones between two main arterial terri- 
tories. The mechanisms whereby watershed infarcts de- 
velop have been debated for many years and have 
included such processes as cerebral thromboangiitis oblit- 
erans, episodes of systemic hypotension, carotid occlu- 
sions, and microembolism.' When these lesions are bilat- 
eral, they are usually related to severe hypotensive 
events. Unilateral watershed infarcts may occur when 
there is preexisting ipsilateral occlusive vascular disease 
with resultant focal cerebral hypoperfusion during epi- 
sodes of systemic hypotension.’ Recently, there has been 
relatively uncritical acceptance of computed tomography 
(CT)-defined lesions in watershed areas as indicative of a 
hemodynamic contribution to pathogenesis.” We describe 
three patients with infarctions that were partly or exclu- 
sively located in watershed territories whose lesions ap- 
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pear to be secondary to emboli, suggesting that hemody- 
namic mechanisms are not consistently involved. 


PATIENTS AND METHODS 


We selected all patients from a prospective stroke registry con- 
ducted at the Department of Veterans Affairs Medical Center, 
Jackson, Miss, who had both evidence of watershed territory in- 
farction on the CT scan and who had undergone cerebral angiog- 
raphy. A watershed territory infarct was defined as one occurring 
in the frontal lobes between the middle (MCA) and the anterior ce- 
rebral artery distributions, one occurring in the parietal lobes 
between the MCA and the posterior cerebral artery (PCA) distri- 
butions, or one occurring in the deep periventricular white matter 
between the lenticulostriate and the cortical branches of the MCA 
(see Bogousslavsky and Regli* for shape and locus of lesions). Le- 
sions were also mapped on CT templates on which the vascular 
territories were defined.’ Of 246 patients with stroke, 11 had new 
infarcts confined to one of the cortical watersheds or to the lentic- 
ulostriate watershed (subcortical junction infarcts”). Another 12 
patients had new watershed territory infarcts in addition to a new 
infarct that fell within the territory of a major cerebral vessel. Eleven 
patients in the registry had evidence of an old watershed territory 
infarct at the time they presented with a new stroke. Of all these 
patients, four underwent arteriography. As patient management in 
the registry was entirely determined by the attending team, the 
precise selection criteria that led to these vascular studies cannot be 
determined. 

All four patients who underwent arteriography had new in- 
farcts involving a watershed territory with or without evidence 
of additional infarction within the territory of a major cerebral 
vessel. In one patient there was angiographic evidence of greater 
than 95% internal carotid stenosis and no evidence of branch ar- 
tery occlusions. This patient’s infarct was considered to be he- 
modynamic in origin and he is not included in this report. The 
remaining three patients, in whom angiography suggested an 
embolic cause, are described below. 


REPORT OF CASES 


CASE 1.—A 64-year-old white man witha history of diabetes mel- 
litus awoke with decreased vision in his left eye and difficulty using 
his right upper extremity. There was no history of syncope or dizzy 
spells. His only medication was insulin. His blood pressure reading 
on admission was 140/100 mm Hg. Physical examination revealed 
aright homonymous hemianopia, decreased visual acuity in the left 
eye when compared with the right, decreased fine motor movement 
and pronator drift in the right upper extremity, and a right extensor 
plantar response. A CT scan revealed a left PCA-MCA watershed 
territory infarction (Fig 1). A cerebral arteriogram revealed a high- 
grade stenosis of the midpetrous portion of the left internal carotid 
artery and a branch artery occlusion in the posterior portion of the 
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Fig 1.—Patient 1. Computed tomographic head scan demonstrating 
a left posterior cerebral artery-middle cerebral artery watershed ter- 
ritory infarction. 


left MCA territory (Fig 2). Cortical mapping? of the infarct suggested 
that it was in the territory supplied by the occluded branch artery 
(Fig 3). 

RA 2.—A 67-year-old white man suddenly developed slurred 
speech and right-sided weakness while walking. There was no as- 
sociated dizziness or any history of syncope or dizzy spells. His 
medications included phenytoin sodium and theophylline. His 
blood pressure reading on admission 21 hours later was 130/84 mm 
Hg. On examination he was noted to have mild dysarthria, mini- 
mally impaired comprehension, and occasional verbal paraphasic 
errors in spontaneous language. He had a right supranuclear facial 
weakness and mild right upper extremity weakness. The findings 
of the remainder of his examination were unremarkable. A CT scan 
revealed a left lenticulostriate watershed territory infarction and a 
small left MCA cortical branch artery territory infarction (Fig 4). Ce- 
rebral arteriography revealed no abnormalities. 

CASE 3.—A 62-year-old white man gradually developed im- 
pairment of speech and right-sided weakness over several hours 
while doing household chores. There was no associated dizzi- 
ness nor any history of dizzy spells or syncope. He was taking 
no medications. His blood pressure reading on admission the 
following day was 124/84 mm Hg. On examination he was noted 
to have a prominent aphasia characterized by literal paraphasic 
errors, poor repetition, poor naming, and impaired comprehen- 
sion. He had a right homonymous hemianopia, right supranu- 
clear facial weakness, right upper extremity weakness, and a 
right Babinski’s sign. A CT scan (Fig 5) revealed a left MCA-PCA 
watershed territory infarction and patchy infarction within the 
MCA distribution. The cerebral arteriogram was normal. 


COMMENT 


It is generally thought that most watershed territory 
cerebral infarctions arise from hemodynamic events. 
These typically occur when a patient with severe internal 
carotid artery stenosis experiences a decrease in systemic 
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Fig 2.— Patient 7. Lateral view of cerebral arteriogram demonstrating 
branch artery occlusion in the posterior portion of the left middle 
cerebral artery territory (arrow). 





r- 














Fig 3.—Patient 1. Cortical mapping of the computed tomography- 
defined infarction demonstrating that the infarct corresponds to the 
territory supplied by the branch artery occlusion. 


©. 


blood pressure** or when a patient acutely develops 
internal carotid artery occlusion.° However, some authors 
have suggested that embolization may play a role in the 
genesis of some of these infarcts,°’ and our findings pro- 
vide further support for this concept. We believe that all 
of our patients had infarcts of embolic origin, because 
none had histories suggestive of generalized cerebral hy- 
poperfusion (syncope, presyncope), two had no evidence 
of carotid stenosis, and the one patient with severe carotid 
stenosis had angiographic evidence of an embolic branch 
artery occlusion corresponding to the site of the infarct. 
Although the underlying mechanisms that might account 
for a watershed distribution of embolic material are 
uncertain, two major possibilities might be considered. 
Small emboli may be carried to the periphery of major ce- 
rebral vascular distributions (the watershed territory) be- 
cause arterial branch points tend to be asymmetric, withy- 
a smaller branch tending to take off at an angle and a 
larger branch continuing in a direction closer to that of the 
parent vessel; thus, emboli tend to be carried ever more 
distally in the larger of the branches at each successive bi- 
furcation.’ In our cases, the infarctions were quite large, 
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Fig 4.— Patient 2. Computed tomographic head scan demonstrating 
a left lenticulostriate watershed territory infarction and a small left 
middle cerebral cortical branch artery territory infarction. 


and the watershed location may be better explained on the 
basis of a somewhat unusual arterial distribution pattern 
such that what are usually watershed areas were actually 
supplied by a single branch artery, as angiographically 
demonstrated in case 1. The lenticulostriate watershed 
territory infarction was most likely caused by embolic oc- 
clusion of the proximal MCA or a major branch that had 
recanalized by the time of angiography. On the other 
+ hand, Bladin® reported that in angiographic studies of 54 
patients with MCA stroke (14 with atrial fibrillation and 
15 with recent myocardial infarction), there was embolic 
occlusion of the supraclinoid carotid in 17 (31%). Most of 
these 17 cases were studied within hours of their ictus, 
whereas cases with occlusion of the carotid-MCA- 
anterior cerebral artery T junction or MCA branch occlu- 
sion were studied a mean of 20 hours and 5 days after the 
ictus, respectively. Bladin suggested that a high percent- 
age of cerebral emboli may wedge initially in the supra- 
clinoid carotid, only to break up later and wedge succes- 
sively at the T junction and in MCA branches. Thus, any 
embolus to the anterior circulation from the heart, and 
conceivably from more proximal arterial sources of throm- 
bus, would have the potential for producing watershed 
infarction as it lodges at the supraclinoid carotid artery, 
particularly if the PCA originates at the carotid artery. 
The proportion of watershed territory infarctions that is 
© of embolic origin is unknown. Although we did not per- 
form a comprehensive study of the watershed territory 
infarcts in our stroke registry, the fact that three of the four 
patients with such infarcts who underwent angiography 
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Fig 5.— Patient 3. Computed tomographic head scan demonstrating 
a left middle cerebral artery-posterior cerebral artery watershed ter- 
ritory infarction and patchy infarction within the left middle cerebral 
artery distribution. 


had evidence of an embolic cause suggests that embolism 
is a considerably more common cause than is generally 
believed.* Therefore, we suggest that patients with CT- 
defined watershed territory infarcts that do not occur 
during periods of systemic hypotension should not auto- 
matically be assumed to have hemodynamic infarction; 
they should be treated initially as are other patients with 
large artery infarcts with due consideration for the possi- 
bility of cardiogenic or artery-to-artery thromboembo- 
lism. $ 


We are grateful to Opal Good, Mitzi Gressett, and Linda Pritchett 
for their assistance in preparation of the manuscript. 
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Delay in P300 Latency in Patients with 
Organic Solvent Exposure 


Lisa A. Morrow, PhD; Stuart R. Steinhauer, PhD; Michael J. Hodgson, MD, MPH 


è Event-related potentials were examined in 12 individuals 
with a history of organic solvent exposure and in 19 nonex- 
posed controls. The latencies of the N250 and P300 com- 
ponents of the auditory event-related potential were signif- 
icantly delayed in the solvent-exposed patients compared 
with those in normal controls. Amplitudes of the N100, 
P200, and N250 components were larger in the solvent- 
exposed group, but the P300 amplitude did not differenti- 
ate between groups. A comparison with data from clinically 
stable outpatient schizophrenics indicated that P300 laten- 
cies were longer in the solvent-exposed group. Within the 
exposed group, P300 latency was positively correlated with 
length of exposure. The delay in N250 and P300 provides 
evidence that solvent exposure slows central nervous sys- 
tem mechanisms that evaluate and/or process relevant 
stimuli. The assessment of event-related potentials may be 
an especially useful way to evaluate central nervous system 
integrity in persons who have had a neurotoxic exposure. 
(Arch Neurol. 1992;49:315-320) 


Cen solvents have a special affinity for lipid-rich 

tissue (eg, brain tissue), and clinical disease states 
associated with solvent exposure have been documented 
for well over a century. Research during the past decade 
has provided a clearer understanding of the somatic, be- 
havioral, and cognitive changes (eg, dizziness, memory 
complaints, and irritability) that result from solvent 
exposure,'” but there remain a number of questions about 
the cause of this disorder. Specifically, there is still con- 
troversy regarding the existence/extent of chronic central 
nervous system (CNS) damage and dysfunction following 
solvent exposure. 

There is a history of association between organic brain 
dysfunction and increased latency of event-related po- 
tential (ERP) waveforms, especially the later components 
such as P300.*'° Average P300 latencies for patients with 
dementia are reported to exceed 400 milliseconds (ms) in 
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auditory tasks.’ This may be contrasted with decreased 
amplitudes that are typically observed in psychopatho- 
logic states, such as schizophrenia.''* Decreased ampli- 
tude has also been reported for affective disorder, though 
to a lesser extent,'’? and has been reported to be sensi- 
tive to mood shifts in patients with renal disease. Rela- 
tively little work has been conducted utilizing ERP as- 
sessment of cognitive function in toxic exposure, 
although its potential has been recognized. One study 
reported that while overall amplitude and latencies were 
within normal ranges for 10 solvent-exposed workers, 
changes in both N100 and P300 amplitudes were signifi- 
cantly smaller in the solvent-exposed workers than they 
were in controls as subjects switched between attentive 
and nonattentive conditions.” Increases in P300 latency 
have been reported for three workers exposed to hydro- 
gen sulfide. Although actual latency values were not 
presented, the authors reported abnormally long P300 la- 
tency in all three workers. Over a 2-year period, normal- 
ization of the P300 was seen in one patient, whose symp- 
toms also improved. 

In cases of organic solvent exposure, diagnosis of “toxic 
encephalopathy” relies mainly on history, psychiatric 
findings, and cognitive changes.” The assessment of 
ERPs may provide a useful marker of CNS dysfunction 
unconfounded by motivational factors that may be espe- 
cially problematic in cases of occupational exposure, as 
such patients are often involved in litigation. 


PATIENTS AND METHODS 


Nine men and three women with CNS complaints (eg, head- 
aches, dizziness, and fatigue) following organic solvent expo- 
sure were examined. No person had a history of psychiatric dis- 
order, head injury, hearing loss, or consumption of alcohol 
exceeding one to two drinks per day. A detailed occupational 
and environmental chemical exposure questionnaire was ad- 
ministered to each person by an occupational health specialist. 
The mean duration of exposure was 3 years (range, <1 day to 30 
years), and the average length of time from the last exposure to 
the present assessment was 2 years (range, 2 months to 10 years). 
All of the persons in the exposed group had been occupationally 
exposed to mixtures of organic solvents (eg, toluene and trichlo- 
toethylene) and met criteria for mild toxic encephalopathy, type 
2A/2B (personality and cognitive changes).'? In addition to a his- 
tory of long-term exposure to solvents, one patient had an ad- 
ditional history of possible exposure to inorganic mercury. 

Normal controls consisted of 19 healthy male volunteers care- 
fully screened for medical and psychiatric disorders using sem- 
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istructured interviews to assess Diagnostic and Statistical Manual 
of Mental Disorders, Revised Third Edition (DSM-III-R) Axis 12 
(psychiatric clinical syndromes) and Axis I” (personality syn- 
dromes) disorders. Psychiatric control data were also available 
from a sample of 26 male psychiatric patients meeting DSM-III-R 
criteria for chronic schizophrenia,” tested in the same labora- 
tory, whose data have previously been reported.'' Mean ages 
were 47, 34, and 36 years for the exposed subjects, normal con- 
trols, and schizophrenic patients, respectively. Informed con- 
sent, after the nature of the procedures had been fully explained, 
was obtained for all subjects. 


Experimental Procedures 


Subjects performed modifications of an auditory “oddball” 
paradigm in both a counting or a choice reaction time (RT) par- 
adigm. In the counting task, subjects silently counted the occur- 
rence of infrequent high-pitched tones (target tone, 1500 Hz), but 
not frequent low-pitched tones (nontarget tone, 800 Hz), pre- 
sented with an interstimulus interval of 3 seconds. Tones were 
presented for 40 ms at 65 dBA, with 80 trials per block. In the 
choice RT task, subjects pressed a button following each high 
tone, and a different button following each low tone. There were 
two blocks of the counting task followed by two blocks of the 
choice RT task. 

The two tasks have unique characteristics. The counting task 
places mild demands on memory and is free of any obligatory 
motor-related activity. However, it does not allow a measure- 
ment of accuracy to be observed for each trial. The choice RT task 
does not require memory updating but does allow evaluation of 
response accuracy on individual trials. Furthermore, attention is 
forced to every trial, since a response is required even after pre- 
dictable events. 

For both the counting and the choice RT tasks, subjects were 
informed that the target tone would occur less often and that it 
would never be followed by another target tone. There were 
therefore three conditional probabilities: when a target tone was 
presented, there was a 100% probability that the following tone 
would be a nontarget; when a nontarget was presented, the fol- 
lowing tone could either be a target (P=.33) or a nontarget 
(P=.67). 

Electrophysiological data were collected from scalp electrodes 
at midline frontal, central, parietal, and occipital and lateral pa- 
rietal locations (F,, C,, P,, O,, Ps, Ps) referred to linked ears, am- 
plified x 20000 by amplifiers with a frequency band pass of 0.01 
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to 30 Hz (Grass Model A5). An eye movement artifact channel 
was also recorded. Data were digitized at 8-ms intervals for a 
1200-ms epoch, beginning 200 ms prior to stimulus onset, by a 
computer system (PDP-11/73), and stored on magnetic media. 
From artifact-free single trials, averaged ERPs were calculated 
only for counting blocks in which the subject performed five or 
fewer target detection errors. Performance for all subjects on the 
counting task was accurate, with only two of the exposed sub- 
jects counting with more than one error/block: one subject had 
four and three errors on successive blocks, and another had zero 
and five errors. For the choice RT task, three exposed subjects 
had more than two but fewer than 10 errors on any block, while 
one subject had as many as 20 and 17 errors. All incorrect trials 
were excluded from the analysis. 

Individual ERP components were identified with an interac- 
tive program to detect positive and negative peaks in predefined 
windows, using the electrode for which each component is nor- 
mally found to be maximal for these types of tasks. For N100, 


P200, and N250 the vertex (C,) electrode was used to identify the» 


peak. The midline parietal (P,) electrode was used to determine 
P300. After the peak was verified, the latency and peak ampli- 
tudes for all electrodes observed at that latency (after subtract- 
ing the median baseline for the 200-ms prestimulus epoch) were 
automatically stored on computer. 

All data were analyzed with repeated-measures analysis of 
variance. Evaluation of peak amplitudes and latencies were 
compared for the solvent-exposed and the normal control 
groups across tasks (counting vs choice RT) and event probabil- 
ity (.33, .67, and 1.00). In the case of amplitude measurement, 
analyses were also carried out across electrode sites. Where ap- 
propriate, degrees of freedom were reduced by the epsilon cor- 
rection factor. 


RESULTS 


The Table presents means and standard deviations of 
the ERP values for normal control and solvent-exposed 
patients, as well as P300 data for the schizophrenic sam- 


ple. 


Normal Controls vs Solvent-Exposed Patients 


ERP Amplitudes.—For all ERP components, there 
were significant main effects across electrodes (P<.0001), 
and interactions of electrodes with either task or proba- 
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Fig 1.—Grand mean event-related potentials across subjects for the control (n =19) and solvent-exposed (n= 12) groups in the counting 
and choice reaction time tasks. The midline electrodes and electro-oculogram (EOG) artifact channel are presented (positivity down). Con- 
ditional probabilities of .33, .67, and 1.00 are represented by the solid, dashed, and dotted lines, respectively. Decreasing event probability 
is associated with increasing P300 amplitude (the large, downward deflection between 300 and 400 milliseconds [ms]). 


bility, or both. There were no electrode-by-group interac- 
tions, indicating no differences in scalp topography 
between the groups. Details of differences between elec- 
strode sites and interaction effects have been omitted. Fig- 
ure 1 shows the grand mean-averaged ERPs for the 
solvent-exposed patients and the control subjects. 

Main effects of probability were seen only for P300 (Fig 
1), with lower event probability (.33) associated with in- 
creasing P300 amplitude (F[2,53] =103; P<.0001). There 
were no group interactions with probability. 

Decreasing amplitudes were observed between the ini- 
tial counting task and the latter choice RT task for both 
N100 (F[1,29]=21.9; P<.0001) and P200 (F[1,29]=17.6; 
P=.0002). P300 amplitude was not affected by task. A 
group-by-task interaction was seen for N100 
(F[1,29]=17.84; P=.0002) and N250 (F[1,29]=7.97; 
P=.0085). To examine these interactions in closer detail, 
data were analyzed separately only at the C, location, 
yielding the same pattern of results. For N100, the inter- 
action was related to a greater decrease in negativity for 
solvent-exposed persons as they went from the counting 

rto the choice RT task (P=.0015). For N250, patients 
showed less change in negativity than did controls 
between the tasks (P=.017). 

Across tasks, conditions, and electrodes, there was a 
significant increase in P200 amplitude for the solvent- 
exposed group compared with the control group 
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(F[1,29] = 4.47; P=.043). Because the early ERP compo- 
nents, including N100 and P200, have been related to 
sensory registration of stimuli, the N100-P200 peak-to- 
peak difference at C, was also computed and analyzed. 
Results indicate a significantly larger response in the 
solvent-exposed group compared with the control group 
(F[1,29] = 11.1; P=.002). Between tasks, decreasing N100- 
P200 amplitude was seen for both groups, with the 
smaller amplitude in the choice RT task—the second task 
conducted (F[1,29) =42.3; P<.0001). 

ERP Latencies.—Mean N250 latency for the solvent- 
exposed group (290 ms) was substantially increased com- 
pared with that of controls (261 ms) (F[1,29]=16.18; 
P=.0004). The latency of N250 was shortest for the rare 
-33 probability condition, and was lengthened with in- 
creasing event probability (F[2,56] = 6.31; P = .0036). 

P300 latency also showed a longer duration for patients 
as compared with controls (F[1,29]=9.11; P=.0053) (Ta- 
ble). In contrast to N250, however, P300 latency was seen 
to increase with decreasing event probability 
(F[1.8,48]=8.91; P=.0007), which replicates previous 
findings.” Figure 2 presents data from all 12 solvent- 
exposed patients and the 12 oldest normal controls. The 
midline parietal (P,) response is shown for the .33 prob- 
ability condition in both tasks. Note that the distinctness 
of the late positive complex is greater among control sub- 
jects and that the peak response for controls occurs ear- 
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Fig 2.—Event-related potentials recorded at the midline parietal (P.) 
site for the 12 oldest control subjects (age range, 33 to 52 years) and 
12 solvent-exposed subjects (age range, 38 to 55 years), with the 
youngest subjects at the top. The response to rare, high-pitched 
tones for the counting task (solid line) and the choice reaction time 
task (dashed line) are superimposed for each subject. A dotted ver- 
tical line on both columns denotes the mean latency of the P300 
component for the solvent-exposed subjects. 


lier than the mean latency for patients, which is indicated 
by the vertical line in Fig 2. 

To determine whether P300 latency provided different 
information from N250, the difference between P300 and 
N250 latency for each condition was computed and sub- 
jected to analysis of variance. A significant main effect of 
probability (F[2,53] = 18.8; P= .0001) was seen, indicating 
greater duration for the .33 probability condition. That is, 
for events providing more information—a lower event 
probability—there was a corresponding increase in the 
time between the occurrence of the N250 and P300 peaks. 
An interesting trend for a group-by-probability interac- 
tion (P=.08) reflected similar interpeak latencies for the 
groups, across tasks, for the 1.00 probability condition, 
but increased latency for the solvent-exposed group in the 
.33 probability condition. 

Because of the difference in mean age between these 
groups, the analyses for P300 amplitude and latency at P, 
in the .33 condition were recomputed across tasks using 
the eight oldest control subjects and the eight youngest 
solvent-exposed patients (mean ages of 41.6 and 44.6 
years, respectively [not significant]). The reanalysis 
yielded the same pattern of results: there were no differ- 
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ences in amplitude but significantly delayed P300 laten- 
cies in the solvent-exposed group (F[1,14] = 6.50; P = .02). 
P300 latencies were 340 ms for the older controls and 
383 ms for the solvent-exposed patients. á 

For N100 and P200, latency differences between condi- 
tions, though small, were significant. N100 latency was 
approximately 3 ms longer for high- as opposed to low- 
pitched tones (F[1,48]=6.1; P = .006). P200 for predictable 
low-pitched tones was 4.5 ms longer than for the infre- 
quent high tones (F[2,58]=3.4; P=.003). Given these 
small averaged differences by condition (less than our 
sampling rate for individual data points), little importance 
is attached to these findings. 


RT Scores and P300 Latency 


For the choice RT task, the mean RT for each event- 
probability condition was computed from all correct trial’ 
(including those trials with physiological artifacts that 
were not included in computation of the ERP averages). 
Across conditions, control subjects had a shorter mean RT 
than did solvent-exposed patients (mean, 748.4 and 
1053.4, respectively; F(1,29)=7.02; P=.012). Given that 
P300 latency precedes the RT response, it might be 
assumed that prolongation of the P300 influences RT. 
Covarying P300 latency only served to strengthen the 
finding (F[1,28] = 15.8; P = .0004). 


Correlation with Exposure-Related Variables 


Rank-order correlations were performed between P300 w. 
amplitude and latency, at P,, for both counting and choice 
RT tasks with length of exposure and with interval from 
the last exposure to test. Significant correlations were 
found between P300 latency —counting and choice RT— 
and length of exposure (p=.80 and .64, respectively; 
P<.05). 


Psychiatric Controls vs Solvent-Exposed Patients 


Because symptoms following neurotoxic exposure are 
reported to be similar to psychiatric disorders,*” com- 
parisons were made between the solvent-exposed pa- 
tients and a group of schizophrenic patients. These data 
revealed a somewhat different pattern of results. The 
schizophrenic patients have previously been reported to 
show decreased P300 amplitudes compared with normal 
controls (though significantly smaller only in the counting 
task), while latency in these patients did not differ from 
that in the control group.” Schizophrenics and solvent- 
exposed persons were compared using only data from P, 
for the .33 probability condition in both tasks. There were 
no differences between the groups in amplitude. How- 
ever, P300 latencies were significantly longer in the 
exposed group than those observed for the schizophrenic 
patients (F[1,36]= 15.1; P=.0004) (Table). 


COMMENT 


Results from this study suggest that persons with a 
history of organic solvent exposure who meet criteria for 
mild toxic encephalopathy (type 2A/2B) have significant 
delays in the N250 and P300 components of the ERP. As 
these delays were present for both counting and choice R} 
tasks, it suggests that the latency prolongation in the sol- 
vent group is not dependent on the unique aspects of ei- 
ther task, but reflects a more generalized dysfunction. 
Solvent-exposed patients, when compared with normal 
controls, also showed increases in the amplitudes of the 
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early waveforms (N100 and P200), components that have 
been related to stimulus reception. There were no differ- 
ences between the groups in scalp topography, and both 
groups showed increased P300 amplitudes and longer la- 
tencies with decreasing event probability. 

Regarding the morphological appearance of the ERPs in 
the solvent-exposed group, it was noted that several sub- 
jects had irregular waveforms of the late positive complex 
(N250-P300), as opposed to the smooth waveforms char- 
acteristic of normal subjects. Similar irregularities in P300 
waveforms have been reported in patients with temporal 
lobe epilepsy, with greater amplitude reduction in pa- 
tients with purported left temporal foci.” 

P300 is generated in response to stimuli that have sig- 
nificant psychological value, such as infrequent or un- 
predictable events. Increased latency of the P300 has typ- 
ically been associated with a variety of organic disorders, 
eg, Alzheimer’s disease,’ multiple sclerosis,” and head 
injury.” On the other hand, psychiatric disorders such as 
schizophrenia and affective state are reported more often 
to result in a reduction of P300 amplitude. "5 All of the 
solvent-exposed patients had completed the Beck Depres- 
sion Inventory.” To determine if depressive state was re- 
lated to changes in P300, we looked at the relationship 
between scores on the Beck Depression Inventory and 
ERP values for the exposed group. There were no signif- 
icant correlations between the Beck Depression Inventory 
scores and the P300 amplitude or latency measures. Our 
findings of increased P300 latencies in the solvent- 
exposed group in comparison with the psychiatric control 
group, coupled with a lack of correlation between mood 
state and P300 values, suggest that the neurophysiolog- 
ical changes in the exposed group are not solely a conse- 
quence of an affective or psychiatric disorder. 

The increase in both P300 latency and manual RT for 
solvent-exposed patients suggests slowing of several 
processing components. The delay in P300 latency, how- 
ever, did not account for the greatly increased RTs in ex- 
posed patients. This suggests a deficit at some later stage 
of processing for these patients when they are carrying 
out the behavioral response task. The deficit may either 
involve the selection of the correct response following 
stimulus identification, or the initiation and execution of 
the response after the stimulus has been identified. More 
specific quantification of the critical stage cannot be 
determined with the present data. 

An association between duration of exposure and out- 
come, especially on cognitive and behavioral measures, is 
often equivocal.” However, most occupational health 
specialists maintain that a dose-response relationship is 
necessary to make a clear diagnosis of neurotoxic dis- 
ease.* Our results support a pattern of increasing P300 
latency associated with increasing duration of exposure. 
In the Wasch et al’* study reporting increased P300 latency 
following hydrogen sulfide exposure, the most “severely 
exposed” person also showed the longest P300 latency. In 
our sample, 64% of the variance of the P300 component 
(counting task) was accounted for by length of exposure. 
This is not to say that other variables, such as peak expo- 
` sure or frequency of exposure, do not have an impact on 

these electrophysiological measures. However, because 
of our relatively small sample size, we are unable to con- 
duct a detailed multivariate analysis. 

A significant correlation between P300 latency and in- 
terval from exposure to test was not obtained, although 
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correlations between P300 latency and interval were in the 
expected direction (—.26, and —.30, respectively, for 
counting and choice RT). This suggests a trend, in the di- 
rection of normalizing P300 latency values with increasing 
time away from the last exposure. The findings of longi- 
tudinal follow-up studies of exposed workers have not 
always supported the belief that removal from the expo- 
sure source results in a reduction in somatic symptoms 
and cognitive function’: recovery rates vary between 
25 and 50%.°* A history of peak exposure, higher levels 
of psychological distress, increasing age, and longer du- 
rations of exposure have been reported to contribute to 
poor functional outcome.®*! 

Measurements of cerebral blood flow have documented 
decreased metabolism in both subcortical and cortical 
structures in workers occupationally exposed to sol- 
vents.” It is interesting to note that in one solvent- 
exposed case a positron emission tomographic scan 
reported decreased glucose uptake in the hippocampus 
and amygdala,™ areas that have been implicated in gen- 
eration of the P300 component.” Neurobehavioral stud- 
ies have also speculated that medial temporal structures 
may be particularly vulnerable to the effects of organic 
solvents.” Overall, our findings offer additional support 
for the hypothesis that organic solvent exposure (type 
2A/2B) results in a disruption of neural function. 

As mentioned earlier, very little work has been con- 
ducted on the use of electrophysiological measurements 
in adults with toxic exposure. This is the first study, to our 
knowledge, comparing ERP measurements of solvent- 
exposed adults with both normal and psychiatric control 
groups. Our data indicate that solvent-exposed patients 
are particularly responsive to the sensory effects of stim- 
uli (ie, increase in P200 amplitude), but they require ad- 
ditional time to process relevant stimuli (delay in N250 
and P300). A number of studies have documented neu- 
ropsychiatric impairments following solvent exposure.! 
The determination of pathogenesis, however— 
psychogenic vs organogenic—is hampered by the fact 
that solvent exposure typically results in impairment on 
a wide range of cognitive measures (eg, motor speed, 
learning and memory, and attention)’ and changes in 
personality (eg, irritability and depression).? Changes in 
the ERP, especially increased latency of the P300, may 
serve as an empirical marker for CNS impairment follow- 
ing neurotoxic exposure. It is interesting to note that in 
our sample of 12 solvent-exposed patients, six persons 
had P300 latencies that exceeded the control mean by 
more than 2 SD, with four of the six exceeding 2.5 SD. This 
underscores the possible usefulness of the P300 as a clin- 
ical assessment tool. It has also been suggested that ERPs 
may be more sensitive to CNS dysfunction than cognitive 
measures.” That is, a higher level of impairment may be 
required before deficits are detected on the cognitive tests, 
but subclinical impairment may be ascertained with ERPs. 

Estimates of occupational exposure to organic solvents 
exceed 9 million annually: approximately 8% of the US 
population. The attribution of CNS impairment following 
solvent exposure is complicated by several factors. First, 
quantifying solvent “dose-burden” is difficult because of 
the short half-life of these substances. Second, many of 
these patients are involved in some type of litigation, in- 
creasing the possibility of symptom exaggeration. Finally, 
many health professionals maintain that the effects of 
solvents are reversible; when they persist they are often 
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regarded as psychogenic. The need for an objective 
marker of neurotoxic encephalopathy, minimally con- 
founded by motivational or affective state, is imperative. 
Assessment of P300, a noninvasive objective measure, 
may provide just such an indicator. 
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Visual Memory Deficits After Damage to the Anterior 
Commissure and Right Fornix 


Therese Botez-Marquard, MSc, M. |. Botez, MD, PhD 


è A 47-year-old right-handed woman suffered an acciden- 
tal dural perforation in the course of intranasal drainage of 
a right-sided sphenoid mucocele. Radiological examination 
revealed a small hematoma involving the anterior commis- 
sure, the right foramen of Monro, and the right fornix, re- 
sulting in severe anterograde amnesia for visual stimuli. Vi- 
sual retention disturbances were manifested by a loss of the 
ability to conjure up new visual images, loss of topograph- 
ical memory, and the cessation of dreaming. Dissociation 
was striking between severe deficits on tests exploring an- 
terograde visual memory, revisualization, visuospatial or- 
ganization, construction abilities, and normal or mildly im- 
paired performance on tests implying verbal material and 
verbal memory. In agreement with experimental findings, it 
is postulated that combined damage to the anterior com- 
missure and fornix on the right side could cause severe def- 
icits in visual retention in humans. 

(Arch Neurol. 1992;49:321-324) 


a are some reports in the literature on memory 

disorders following sectioning of the anterior com- 
missure in monkeys! vs some fornix lesions in humans.?5 
However, to our knowledge, the effects of combined le- 


* sions of the fornix and anterior commissure have not yet 


= 


been recorded either in experimental animals or humans. 
We report a case we think could offer further understand- 
ing of the relationships between visual memory and an- 
atomic substrates that subserve this function. 


REPORT OF A CASE 


A 47-year-old right-handed (confirmed by the Edinburgh 
handedness inventory*) woman, working as a ward clerk in a 
hospital, led an active life, as a mother (five children) and career 
woman. In 1969, she underwent intranasal surgery for chronic 
ethmoiditis and frontal sinusitis. She was hospitalized on Janu- 
ary 7, 1983, because of headache, fever, and right-sided retro- 
orbital pain. A radiological diagnosis of right-sided sphenoid 
mucocele had been established and justified a right-sided intra- 
nasal sphenoidectomy, which was performed on January 19, 
1983. 
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On February 11, 1983, intranasal sphenoid exploration was 
undertaken to further clean and drain the right sphenoid sinus. 
The next day, the patient became confused and disoriented in 
time, and suffered nausea and vomiting. Severe short-term 
memory disorders were subsequently noted in her progress re- 
port. She experienced a constant left-sided nasal drip with cere- 
brospinal fluid leakage. She had a mild stiffness of the neck but 
no signs of localized brain damage. Laboratory cerebrospinal 
fluid tests after a lumbar puncture revealed eight lymphocytes 
per milliliter. Culture yielded no growth of organisms. A com- 
puted tomographic scan of her brain on February 14 showed a 
small fistulous hematoma in the subfrontal region, as well as 
pneumocephalus in both frontal horns. 

From three consecutive computed tomographic sections of the 
basal forebrain (Figure) on examination shortly after intranasal 
sphenoid exploration (by R. Ethier, MD, February 14, 1983), it 
was established’ that a surgical probe had perforated the dura 
through a thinned planum sphenoidale 6 mm anterior to the tu- 
berculum sellae and 3 mm on the right side of the midline. The 
hemorrhagic fistulous tract going from that point upward was in 
a nasosphenoidal axis of about 45°. Therefore, the anatomical 
structures positively injured by the probe were the medial cor- 
tex of the right gyrus rectus in its posterior third. As the 
hematoma reached the vicinity of Monro’s foramen, the anterior 
commissure, the top of the fornix, and probably the septal par- 
olfactory area were injured. Being maximal at Monro’s foramen, 
the leukotomylike bleeding suggested that it probably had 
occurred by injury to the right interventricular choroid plexus. 

On February 24, 1983, computed tomographic scans of her 
head without infusion showed that the pneumocephalus had 
disappeared, leaving a resolving hematoma. The stiffness of the 
neck disappeared on March 1. She was discharged from the 
hospital on March 26, 1983, and resumed work 4 months later. 


Neurological and Neurobehavioral Examination 


The patient was cooperative during examination, and no con- 
tradictions were noted between her statements during six 
sessions during a 3-month period in 1987. After her discharge 
from the hospital in 1983, she continued to experience memory 
deficits (see below). 

The patient's senses of smell and taste were diminished bilat- 
erally. The other cranial nerves were normal. Full general neu- 
rological examination revealed no motor, cerebellar, or sensory 
deficits. Cutaneous and osteotendinous reflexes were normal. 
Neuro-ophthalmological examination (Dan Boghen, MD) 
showed no abnormalities. Her speech was fluent; she did not 
have any difficulty finding words or comprehending complex 
verbal material on subjective and clinical evaluation. Proverb in- 
terpretation was normal. Her ability to write and to read aloud 
was normal. No ideatory or ideomotor apraxias were noted. 

Her main problem was with memory. She complained that 
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Left, Computed tomographic scan of the brain showing a small hematoma in the posterior third of the right gyrus rectus above the planum 
sphenoidale. Center, Section made 10 mm above shows the center of the hematoma at the level of the right foramen of Monro and the 
anterior commissure. Right, Gross pneumocephalus in the frontal horns of the lateral ventricles and the uppermost point of the probe he- 
matoma in the superior anteromedial nucleus of the right thalamus. 


when she was in an unfamiliar area, she had difficulty finding 
certain locations and even returning the same way unless she 
had written down in her diary some precise landmarks of the 
route she had to follow. When her husband drove her by car, she 
was unable to remember what she had just seen, nor could she 
foresee what came next. If she took the same route every day, 
such as the one from home to her workplace, she eventually 
recognized places and streets, one at a time. When she viewed 
the color of a house, either as a landmark or as the residence of 
friends, she was unable to store the overall image of the house 
in her mind. On one occasion, she rode her bicycle past a friend’s 
house without recognizing it, because its front had been painted 
another color. 

She could visualize formerly acquired mental images of her 
children, husband, and friends. She also recognized pictures of 
well-known politicians (Kennedy, Trudeau, etc) and artists. She 
could not revisualize new faces and images. At work, she could 
not remember the faces of incoming patients. While fetching a 
patient for examination, she had to memorize the room and bed 
number, often writing down this information in case of a mem- 
ory lapse. 

A deficit in topographical orientation was verified at Hôtel- 
Dieu Hospital, Montreal, Quebec. The first examination was in- 
terrupted for lunch, and the patient went to the cafeteria on the 
first floor. When she returned to the neurology department, she 
entered another room far from the examination room, after hav- 
ing knocked on many different doors. She was, however, ver- 
bally capable and, with the help of her diary, could reconstruct 
the sequence of a continuous, familiar route. To evaluate her 
retrograde topographical knowledge, the patient was asked to 
design the layout of her previous house, where she had lived 10 
years ago, and that of her present home. We thereafter asked her 
husband and one of her children independently to do the same 
to compare the accuracy of her efforts. Her layout of the former 
residence was a faithful reproduction of different rooms, etc, and 
that of the latter, the present house, needed minor corrections, 
but the differences were more a matter of proportion. 


Personality Changes Secondary to Memory Deficiencies 


Because of the above-mentioned memory disorders, she had 
a tendency to panic. Personality changes were mainly reported 
by the patient’s husband and children. Her husband claimed 
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that she had been transformed from an independent woman to 
a dependent one. Also, her affect had changed, and the 
husband-wife relationship had become strained. 


Neuropsychological Assessment 


Her performance was normal on the following tests for color 
and object perception: the Farnsworth-Munsel 100-Hue Test*; 
the Ishihara Test involving number and shapes based on a 
color-figure background relationship’; object coloring; the Pop- 
pelreuter Test of superimposed figures"; the Lhermitte Test of 
recognition and perception of colored objects on a multiple- 
choice basis; and the Benton Facial Recognition Test.’ Perfor- 
mances on the Hooper Visual Organization Test” and copy seg- 
ment of the Rey Complex Figure Test’? were normal. 

Performance on the following tests was below the normal 
range: Benton’s Judgment of Line Orientation, Form V," which 
produced a borderline result (Table), and the Porteus Mazé 
Test,® which evoked a low score. The results of the Ottawa- 
Wechsler IQ Scale’ are given in the Table. Her lowest scores 
were obtained in arithmetic (— 1 SD below the mean of normal 
age-matched subjects) and block design (—2 SDs); all other 
subtests were within the normal range. On the Raven Standard 
Progressive Matrices" (abstract reasoning, visuospatial percep- 
tion, and sequential planning), her results were within the 57th 
percentile (average score). 


Memory 


An amnesic syndrome was indicated by the difference be- 
tween her total IQ score (119) and her Wechsler Memory score 
(94). Results on Wechsler Memory subtests'® were within normal 
limits, except for visual reproduction (—1.35 SDs) and associate 
verbal learning (—6 SDs), where the patient was incapable of 
learning any of the difficult paired words but had no problem 
with all of the easy paired words. Furthermore, on immediate 
recall on the Rey Complex Figure Test, her performance was 
weak, and on delayed recall, the patient could not remember" 
anything. Visual memory deficits were also revealed by a 
15-object visuoverbal learning test, the Rey Lauzanne” Abstract 
Figure Learning Test, and Benton’s Visual Retention Test 
(Table). Simple visual reaction time™® was slightly delayed, but 
not auditory reaction time. 
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COMMENT 


The patient’s subjective complaints and objective neu- 
ropsychological evaluation indicated defective revisual- 
ization and severely deficient visual learning abilities with 
a loss of topographical memory and visual recall of 
dreams as well as mild difficulties in verbal learning. She 
had no retrograde visual memory impairment because 
she was able to revisualize and describe faces, animate 
and inanimate objects well known to her before the oper- 
ation, and the layout of her previous house. Her subjec- 
tive complaints and neuropsychological assessment sug- 
gested that the basic underlying process was a severe 
deficit of anterograde (or recent) visual memory. 

Radiological evidence showed a small hematoma with 
lesions in the region of the right foramen of Monro, the 
anterior commissure, the top of the right fornix, and the 
septal parolfactory area. The lesion could be considered a 
leukotomy. The anterior commissure has two major com- 
ponents: one joins the olfactory bulbs (the reduction in 
our patient’s sense of smell may have been related to this 
lesion), the other interconnects anterior regions of the 
temporal lobe both directly and indirectly via the 
amygdala." The role of the anterior commissure in the 
interhemispheric transfer of visual information has been 
demonstrated in lesion studies.7** 

As already stated," given that the fornix is the major ef- 
ferent pathway connecting the hippocampus with other 
limbic and diencephalic structures,” it could be supposed 
that the memory deficit following fornix lesions*® would 
qualitatively resemble the memory deficit produced by 
hippocampal lesions, ie, left hippocampal lesions have 
traditionally been shown to produce a memory deficit for 
verbal information, while right hippocampal lesions pro- 
duce a memory deficit for visuospatial information.» 


CONCLUSION 


The visual anterograde memory deficit in our patient 
could be explained by three factors, as follows: The first 
possibility is a disconnection syndrome due to damage to 
the anterior commissure similar to the disconnection 
syndrome described by Mishkin' in monkeys after sec- 

ationing of this structure. The second possibility is a hip- 
pocampal disconnection syndrome due to a lesion of the 
right fornix. Combined damage to the amygdaloid and 
hippocampal systems is necessary to produce severe rec- 
ognition deficits in monkeys% and humans.” In our case, 
both conditions were realized by this small accidental 
leukotomy, which could explain the severe and perma- 
nent visual anterograde amnesia in our patient, who was 
unable to store new visual information. The third possi- 
bility, the anterograde amnesia for visual and visuospatial 
material, could be attributed to damage to the right fornix, 
which is in agreement with the hippocampal theory of 
memory as illustrated by the findings of Tucker et alë who 
reported a severe anterograde verbal memory deficit in 
their patient with a left fornix lesion; this deficit was con- 
sidered to be due to a “hippocampal disconnection syn- 
drome.” 


e This work was supported by a grant from the Fonds de la Recher- 
che en Santé du Quebec, Montreal, and the Bernard Dubois Foun- 
dation, Montreal. 

Thanks are due to Robert Lalonde, PhD, for his useful sugges- 
tions. Technical assistance was provided by Louise Rossignol and 
Maurice Bonneau. We are indebted to Ovid Da Silva for editing the 
manuscript. 
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Ottawa-Wechsler IQ Scale, 
raw (scaled) score 


Information 
Comprehension 
Arithmetic 

Digits 

Similarities 
Vocabulary 

Digit symbol 

Picture completion 
Block design 
Picture arrangement 
Object assembly 
Verbal score 
Performance score 
Full scale 

FAS verbal fluency test total 


Wechsler Memory Scale (MQ), 
raw score 
Personal and current information 
Orientation 
Mental control 
Logical memory 
Digits 
Forward 
Backward 
Visual reproduction 
Associate learning 
Total MQ raw scale 
MQ 
Other tests, score (maximum score) 
Raven Standard Progressive Matrices 
Rey’s 15-word list: 5 trials total sum 
Rey’s 15-object list: 5 trials total sum 
Rey’s 15-abstract object (Lauzanne), sum 
Hooper Visual Organization Test 
Porteus Maze Test (Vineland revision) 
Judgment of Line Orientation, Form V 
Facial Recognition Test 
Benton's Visual Retention Test 
Poppelreuter Test 
Trails B, s 
Rey Complex Figure Test: copy 
Immediate recall 
Mean (+SD) qualitative classification 
(type IV) 
Smedley handgrip, kg 
R 
L 
Visual reaction time 
R hand 
L hand 
Visual movement time 
R hand 
L hand 
Auditory reaction time 
R hand 
L hand 
Auditory movement time 
R hand 
L hand 


*FAS indicates controlled oral word association test; MQ, mem- 


ory quotient. 
+Percentile. 
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20 (15) 
17 (17) 
6 (9) 
13 (13) 
18 (16) 
13 (13) 
62 (15) 
9 (9) 
15 (6) 
11 (10) 
19 (10) 
70 (IQ, 119) 
50 (IQ, 104) 
120 (IQ, 118) 


57t (99)t 
36 (75) 
32 (75) 
17 (75) 
24 (30) 
13.5 (17) 
19 (30) 
48 (54) 
18 (30) 
34 (36) 
70 
29.5 (36) 
5 (36) 


20 
15 


348 + 69 
375 + 61 


456 + 89 
5524192 


2501-77 
300 + 92 


345 + 85 
426 + 91 
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NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophsi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please send CV to: Robert J. Raica, 
Marquette General Hospital, 420 West Magnetic 
Street, Marquette, MI 49855. 


—OHI O— 


Very successful neurology group is 
seeking their third neurologist. Office 
conveniently located on the campus of a 
modern hospital located in a rapidly 
expanding suburb. This progressive city 
with its medical school and state 


university is an ideal place to satisfy both 
personal and professional needs. To learn 
more about this attractive opportunity we 
encourage you to call Barbara Lakoski at 
1-800-243-4353 or send your CV to: 


STRELCHECK & ASSOCIATES, INC. 
12724 N. Maplecrest Lane 
Mequon, WI 53092 


HAVEN FOR outdoor enthusiasts — Beautiful 
Escanaba, Michigan is seeking a neurologist to 
establish a busy practice in a 50,000 population 
service area, currently without a neurologist. A 
confident generalist will be immediately productive 
with established patient base and practice support 
from Saint Francis Hospital. Resort community 
offers unspoiled natural beauty, Hiawatha National 
Forest, Little Bays de Noc and harbor, abundant 
summer and winter sports, boating, legendary 
fishing, hiking, skiing and snowmobiling. Healthy 
lifestyle; good schools; friendly community. Contact: 
Dawn Hamman, Saint Francis, Inc., 4541 North 
Prospect, Suite 400, Peoria, IL 61614. (800) 232- 
3129. 


MAU! ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. 
Contact: William Gfeller, 450 Hookahi Street, 
Wailuku, Maui, HI 96793. (808) 244-5541. 











NEUROLOGIST — BC/BE to join exceedingly busy 
and rapidly expanding neurology group in Phila- 
delphia, Pennsylvania. Excellent opportunity for 
highly motivated neurologist to work in subspecialty 
of neuromuscular disease, epilepsy, rehabilitation, 
and occupational neurology. Training and expe- 
rience in EMG, EEG and EPs preferred. Academic 
affiliation within teaching and community hospitals. 
Large, modern office, fully equipped for electro- 
diagnostic testing. Excellent salary and benefit 
package leading to partnership. Send CV to: L. 
Carita, Practice Administrator, 125 South 9th Street, 
Philadelphia, PA 19107. 








INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is 
necessary. Sub-specialty training is desirable, but 
not necessary. Indianapolis is a desirable, growing, 
clean and safe community. Excellent salary plus 
bonus and benefits leading to stock holder oppor- 
tunity. Send CV to: Midwest Neurological Institute, 
998 East Main Street, #202, Danville, IN 46122. 























NORTH CAROLINA-Outstanding opportunity for BC/BE 
neurologist to practice in lovely progressive southern city 
tucked between mountains and beaches. Experience 
financial security in growing family oriented community 
close to Charlotte. Enjoy numerous recreational amenities, 
and good neighborhood schools. Service area of 200,000 
served by fully accredited community hospital. Profess- 
ionally stimulating environment offering the latest in medical 
technology and knowledgeable colleagues in multiple 
specialties. Send letter and CV to: Box 835, c/o AON. 


NEUROLOGIST WITH EEG, EMG and evoked 
potential experience for busy neurology office. Full- 
time position. Heavy Spanish, oriental (Japanese, 
Chinese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 


STROKE NEUROLOGIST: Well known, well 
established neurosurgical and neurological group 
practice in western Massachusetts seeks BC/BE 
neurologist with special training in stroke to join 
busy practice and to help establish a stroke unit at 
the Baystate Medical Center, a 900-bed teaching 
hospital and the western campus of Tufts Medical 
School. Clinical research available. Send CV to: 
Michael R. Sorrell, MD, 80 Congress Street, 
Springfield, MA 01104. 


VERY BUSY SOLO practice neurologist in 
northeast Ohio looking for an aggressive partner. 
$100,000 first year, partnership in two years. No 
buy in. Send CV to: Box #824, c/o AON. 


FLORIDA: If you are a BC/BE neurologist interested 
in associating with a solo neurologist in a beautiful 
east central coastal Florida city, please send your 
CV to: John LoZito, MD, 1400 Pine Street, 
Melbourne, FL 32901. 


CAROLINA — PIEDMONT: BC/BE adult neurolo- 
gist to join two neurologists in busy clinical practice. 
All neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 


CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists all of whom are 
subspecialized, seeks to add another well-trained 
neurologist. Contact: Fred Pfeiffer, MD, 1900 
Randolph Road, Suite 1010, Charlotte, NC 28207. 
Or call: (704) 334-7311. 


NEUROLOGIST -— Virginia coastal area. To join five 
neurologists private practice-hospital based. 
Practice includes: clinical neurology, interpretation 
of CT and MRI scans, EED and evoked responses, 
EMG, NIV cerebrovascular and TCD and scetor 
scanning neuropathology including muscle histology 
and EMG teaching house staff. Reply with CV to: 
Box #838, c/o AON. 


























































































NEUROLOGIST: Urban area in North Carolina. 
BC/BE to join solo neurologist in a rapidly 
expanding, progressive and active practice. All 
neurodiagnostic modalities available. Excellent 
salary leading to partnership. Experience in EMG, 
EEG and EPs. Please reply with CV to: Box #822, 
c/o AON. 
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SOUTHEAST COAST — The Neuroscience center 
of a 190-bed regional medical center is seeking a 
BC/BE neurologist to join in close association with 
their existing neurosurgeons. Exceptional medical 
facilities and neurological services including EEG/ 
EMG, EP, CT, MRI. Excellent income guarantee 
plus benefits — large drawing area provides for 
outstanding potential. Located ninety minutes from 
one of this country's premier seaside resorts, this 
dynamic community offers a quality lifestyle. Call 
Mark Prosperi at: (800) 776-5776 for more details. 
Or send CV to: Cejka & Company, 1034 South 
Brentwood Boulevard, Suite 1850, St. Louis, MO 
63117. 


Neurolo ist — BE/BC for July 


1992 to join three BC adult neurologists 
in well-established practice in northern 
New Jersey. Experience in EEG, EMG 
required. Please reply with CV to: 

Box #825, c/o AON. 


NEUROLOGIST — BC/BE to join exceedingly busy 
and rapidly expanding neurology group in 
Philadelphia, Pennsylvania. Excellent opportunity 
for highly motivated neurologist to work in sub- 
specialty of neuromuscular disease, epilepsy, 
rehabilitation, and occupational neurology. Training 
and experience in EMG, EEG and EPs preferred. 
Academic affiliation within teaching and community 
hospitals. Large, modern office, fully equipped for 
electro-diagnostic testing. Excellent salary and 
benefit package leading to partnership. Send CV to: 
L. Carita, Practice Administrator, 125 South 9th 
Street, Philadelphia, PA 19107. 


DENVER, COLORADO - Extremely busy, five- 
physician group with three Denver area offices are 
now seeking their fourth neurologist. Two members 
are neurosurgeons. Send CV to: Gordon Crawford, 
Manager, Professional Relations, Humana Inc., 
Department AN3-2c, 500 West Main Street, 
Louisville, KY 40201-1438. Or call toll-free: (800) 
626-1590, Extension 116. 





Expert Advice on 
Practice Opportunities 
From Our Specialized 
NEURO-SCIENCES 


NEURO-SYSTEM 
1-800-765-3055 


Cejka & Company 
222 S.Central Ave. 
Suite 700 

St. Louis, MO 
63105 


lA 
AV 


LISA SPIELBERG 


Will assist you with: 


e Practice Opportunities 
° Defining Your Practice 
Needs 
¢ Marketing Your Skills 
e Interviewing Tips 
¢ Salary Trends 
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Professional Opportunities 





Stroke Neurologist 


The Ochsner Clinic in New Orleans is 
seeking a BE/BC neurologist with fellow- 
ship training in cerebral vascular disease. 
The candidate should have strong clinical 
skills in managing patients with cerebral 
vascular disease. An interest in clinical 
research is important. The department is 
a participant in the asymptomatic carotid 
artery stenosis clinical trial. 


The Oschner Clinic is a large (250 MDs) 
multi-specialty clinic with an adjoining 
550-bed hospital. The neurology service is 
affiliated with the Tulane University 
Neurology Department and our staff have 
clinical appointments at Tulane University. 
The neurology service has teaching respon- 
sibilities at the Ochsner Foundation 
Hospital for Tulane Neurology residents, 
Ochsner Medicine residents, Louisiana 
State University Rehabilitation residents, 
Ochsner interns, and Tulane medical 
students. 





At Ochsner there are also opportunities for 
individual and cooperative clinical research. 





Interested physicians should send a 
complete CV to: 


Dr. Richard Strub 
Chairman, Department of Neurology 


Ochsner Medical Institutions 
1514 Jefferson Highway 
New Orleans, Louisiana 70121 


For more details, please call: (504) 838-3980 





NEUROSURGEON - BC or BE to join another 
neurosurgeon at prestigious multi-specialty group in 
upper midwest capitol city. Sportsman's paradise. 
Clinic adjoins 260-bed tertiary care center with NS 
designated OR. Reply to: Box #839, c/o AON. 


NEUROLOGIST -— BC or BE, to join another 
neurologist at prestigious multi-specialty group in 
upper midwest capitol city. Sportsman's paradise. 
Clinic adjoins 260-bed tertiary care hospital. Reply 
to Box #839, c/o AON. 


NORTHERN VIRGINIA 
SUBURBS OF WASHINGTON, DC 


Neurologist wanted with good interpersonal and 
practice development skills (subspecialty training 
desirable) to join multi-office neuroscience group. 
Position available immediately. Send CV to: 

Jon Peters, MD 
1800 Town Center Drive, #419, Reston, VA 22090 


SOUTHEAST — Two neurologists, BC/BE to 
establish practice on hospital campus. Generous 
income guaranteed for two years. Large referral 
base, catchment area population of 350,000. All 
neuro-diagnostic modalities needed. Proficiency in 
EMG, EEG, CT, and MRI preferred. Inpatient and 
outpatient experience necessary. Metropolitan 
community offers many cultural, academic and rec- 
reational activities. Yes, it's still possible to have it 
all: a thriving practice in supportive medical com- 
munity, affordable lifestyle, mild climate, and Atlanta 
is two hours away. Immediate openings. For more 
information, call: Nancy Stallings, CompHealth, 
(800) 328-3044; 4021 South 700 East, Suite 300, 
Salt Lake City, UT 84107. 


NEUROLOGIST, BC/BE with strong clinical skills to 
join two neurologists and part-time neuro- 
psychologist in southeastern Wisconsin. Located 
thirty minutes south of Milwaukee and sixty minutes 
north of Chicago on Lake Michigan. Rapidly 
expanding practice. Salary competitive and com- 
mensurate with experience. Contact: Raymond J. 
Rybicki, MD, (414) 631-8550. Or send CV to: 3803 
Spring Street, Suite 201, Racine, WI 53405. 








WISCONSIN — Top-notch neurologists seek fifth 
partner. Join talented, congenial colleagues who 
practice quality medicine in a tertiary referral center 
for neurosciences. Opportunity for research and 
sub-specialization. Competitive guarantee, excep- 
tional benefits. University, diverse recreational and 
cultural opportunities. Call or send CV to: Jane 
Vogt, c/o Cejka & Company, 222 South Central, 
Suite 700, St. Louis, MO 63105. (800) 765-3055. 


KANSAS — Board-certified, board-eligible 
neurologist to join child neurologist in rebuilding a 
three-person practice in the largest city in Kansas. 
Three large, well-equipped hospitals available for 
resident and undergraduate medical education. 
Located in clean, progressive community described 
as the franchise capital of the country. Competitive 
salary and benefits available. Send CV to: Richard 
C. Gilmartin, MD, 2620 East Central, Wichita, KS 
67214. 








Positions Available 





ASSISTANT PROFESSOR of Clinical Neurology — 
The Department of Neurology, USC School of 
Medicine, is considering applications for Assistant 
Professor of Clinic Neurology to work as part of the 
Epilepsy and Clinical Neurophysiology Program. 
Responsibilities include coordinating clinical 
experimental drug studies in epilepsy, executing 
clinical trials in epilepsy and coma, performing 
evoked potentials including P300, interpreting EEG 
and evoked potentials, coordinating patients for 
epilepsy surgery, and interpreting epilepsy video 
telemetry. Requirements include MD degree, two- to 
three-year fellowship in epilepsy and clinical 
neurophysiology including cognitive evoked 
potentials and topographic brain mapping, strong 
background in epilepsy, pharmacology, semiology 
and epilepsy surgery, strong experience in neona- 
tal, pediatric and adult EEG, strong background in 
coma and coma prognostic studies, evidence of 
ability to initiate, execute and complete clinical trials, 
and evidence of a strong ability to publish in recog- 
nized peer reviewed journals. Please send CV to: 
Christopher M. DeGiorgio, MD, 1510 San Pablo 
Street, Suite 646, Los Angeles, CA 90033-4606. 


ACADEMIC NEURO-ONCOLOGIST: A faculty 
appointment in neuro-oncology at the assistant or 
associate professor level is available in the 
Department of Neurology at the University of 
Maryland at Baltimore. A neuro-oncology fellowship 
or experience with basic research or clinical trials in 
the area is desired. The duties include research 
program development in neuro-oncology, neuro- 
logic/neuro-oncology practice, and teaching. Please 
forward curriculum vitae and three letters of 
recommendation to: Kenneth P. Johnson, MD, 
Chairman, Department of Neurology, University of 
Maryland Hospital, 22 South Greene Street, 
Baltimore, MD 21201. Telephone: (410) 328-6483. 
The University encourages women and minorities to 
apply. An equal opportunity employer. 





Fellowships 


FELLOWSHIP in Behavioural Neurology and 
Neuropsychiatry. A one-year fellowship beginning 
July 1, 1992 is available at the Neurobehavior and 
Alzheimer's Disease Center of Beth Israel Medical 
Center (New York City). This program offers clinical 
experience with a diversity of patients with 
neurobehavioral and neuropsychiatric disorders 
including stroke, head injury, dementia and other 
conditions. Research in neglect, aphasia, and PET 
scanning is emphasized. Candidates preferably 
BE/BC in neurology or neurology and psychiatry. 
Interested candidates should submit CV to: Dr. Todd 
E. Feinberg, Neurobehavior and Alzheimer's 
Disease Center, Beth Israel Medical Center, 317 
East 17th Street, New York, NY 10003. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number = *.",:c/0, AON; 
P.O. Box 1510, Clearwater, FL 34617. 
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290 
physicians 
can’t be 
wrong. 


Lovelace, Inc. in Albuquerque is an integrated healthcare system that's been 
serving the Southwest for over 70 years. We offer a challenging group practice 
career in a supportive, collaborative environment. In addition, Albuquerque is one 
of the fastest growing cities in the U.S. offering breathtaking scenery, clean air and 
an unbeatable quality of life. 


But don’t take our word for it. Ask our physicians. Because you won’t find a 
more enthusiastic, committed or satisfied group of physicians anywhere. 


Neurologist 


The successful candidate will join our new facility as our sixth neurologist. 
This new position will begin in early 1992. Specifically, you will be involved in 
practice, teaching and research. The qualified candidate must be trained in behav- 
ioral neurology or cerebrovascular disease and be board certified or board eligible. 


If career advancement, Continuing Medical Education opportunity, and free- 
dom to move within a successful growth-oriented corporation are your goals, please 
send your CV to: Lovelace, Inc., 5400 Gibson Boulevard SE, Albuquerque, NM 
87108. Or you may call James Tucci, M.D., Neurosciences, at 1-800-877-7526, 
extension 7250 for further information. EOE/AA M/F/H/V. 


 JOVELACE 


No one else even comes close. 


Part of the (ENN family. 





Fellowships 
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GERIATRIC NEUROLOGY FELLOWSHIP. A two- 
year fellowship is available in geriatric neurology, 
beginning July 1, 1992 or 1993. This VA-supported 
fellowship provides multi-disciplinary training in 
geriatric neurology with formal rotation on the 17-bed 
geriatric evaluation and management unit at the 
Portland Veterans Affairs Medical Center. Fellows 
will also participate in the clinical and research 
activities of the Alzheimer's Disease Center of 
Oregon and The Oregon Brain Aging Study at both 
the VA Medical Center and Oregon Health Sciences 
University. Emphasis will be placed on the design 
and implementation of independent research 
protocols. A broad range of research opportunities 
are available and include such topics as quantitative 
image analysis, the neuropharmacology of 
movement disorders, cerebrovascular disease in the 
elderly and the neurology, neuropsychology and 
neuropathology of the very old. Applicants must be 
board-eligible or -certified in neurology. To apply, 
send CV and two letters of recommendation to: 
Jeffrey Kaye, MD, Director, Geriatric Neurology, 
Portland VA Medical Center, P.O. Box 1034, 
Portland, OR 97207. Telephone: (503) 494-6976 or 
(503) 273-5172. The Department of Veterans Affairs 
and The Oregon Health Sciences University are 
equal opportunity employers. 


CEREBROVASCULAR FELLOWSHIP — The North- 
western University Medical School, Department of 
Neurology, Stroke Program offers one- or two-year 
fellowships in the field of cerebrovascular diseases. 
Fellows will participate in the care of patients with 
ischemic and hemorrhagic cerebrovascular disease 
as well as ongoing clinical research. Patients in the 
Stroke Program are cared for by a multidisciplinary 
team including neurologists, neurosurgeons, neuro- 
radiologists, physiatrists, nurses, and therapists. 
Most inpatients are cared for in an Acute Stroke 
Care Unit, Neuro ICU or Neuroscience Unit. On- 
going clinical research includes acute stroke inter- 
ventions, risk factor modification and surgical trials. 
Opportunities exist for participation in basic research 
or future clinical trial design, however, these are not 
required. This fellowship is designed to provide 
state-of-the-art clinical training as well as a truly 
competitive academic background. To apply, send 
CV and two letters of recommendation to: José 
Biller, MC, F.A.C.P., Director, Stroke Program, 
Northwestern Memorial Hospital, 233 East Erie, 
Suite 500, Chicago, IL 60611. An equal opportunity 
employer. 


BASIC NEUROSCIENCE FELLOWSHIPS for the 
Clinical Neuroscientist: A three-year NIH supported 
research fellowship is available immediately at the 
University of Minnesota. This is an exceptional 
opportunity for physicians who have completed their 
residencies in one of the clinical neurosciences 
(neurology, neurosurgery or neuropathology), who 
wish an academic career and who would like to 
obtain research experience in an area of basic 
neuroscience. There is a strong neuroscience com- 
munity at the University of Minnesota and all 
participating faculty are part of the Graduate 
Program in Neuroscience. A wide variety of research 
opportunities are available including research in 
neuroanatomy, neurochemistry, neuroimmunology, 
neuropharmacology, neurophysiology, molecular 
neurobiology, and experimental neuropathology. 
Competitive stipends are provided. For further 
information, please contact: Gary Birnbaum, MD, 
Box 92, Mayo Building, University of Minnesota 
School of Medicine, Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer. 











Directors Wanted 


THE DEPARTMENT OF NEUROLOGY at 
Creighton University has openings for BC/BE 
candidates as Director of the EMG Laboratory and 
Director of the Stroke Unit. Academic appointment, 
salary and support based on experience and 
academic record. Submit CV and three references 
to: John M. Bertoni, MD, PhD, Professor and 
Chairman of Neurology, Creighton University, 601 
North 30th Street, Suite 2342, Omaha, NE 68131. 
(402) 280-4686. Creighton is an equal 
opportunity/affirmative action employer. 











Faculty Positions 
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NORTHWESTERN UNIVERSITY Medical School, 
Department of Neurology — Stroke neurologist. 
Northwestern University Medical School seeks a 
neurologist with expertise in stroke. Applicants 
should be board-certified or -eligible in neurology 
and have additional training/experience in stroke 
care and research. This full-time appointment will be 
effective in the fall of 1992 at a level and salary 
commensurate with experience. In order to ensure 
full consideration, applications must be received by 
May 30, 1992. Contact: David A. Stumpf, MD, PhD, 
Chairman of Neurology, 233 East Erie, Suite 614, 
Chicago, IL 60611. (312) 908-8266. Northwestern 
University is an affirmative action/equal opportunity 
employer; we encourage women and minorities to 
apply. Hiring is contingent upon eligibility for 
licensing in Illinois. 





BOARD-CERTIFIED neurologist wanted to join 
rapidly expanding neurology group in Philadelphia, 
Pennsylvania, offering broad patient base to include 
neuromuscular disease, epilepsy, rehabilitation, and 
occupational neurology. Excellent opportunity for 
academic candidate at associate professor level to 
enter private practice and maintain academic 
affiliation within teaching environment and in com- 
munity hospitals. Large, modern facilities equipped 
for electrodiagnostic testing. Excellent salary and 
benefit package leading to partnership. Send CV to: 
L. Carita, Practice Administrator, 125 South 9th 
Street, Suite 200, Philadelphia, PA 19107. 





ACADEMIC NEUROLOGIST — The Department of 
Neurology at Francis Scott Key Medical center, a 
Johns Hopkins Medical Institution, seeks an 
academically-oriented adult BC/BE neurologist with 
expertise in EMG and NCV to run EMG laboratory. 
Interest in neuromuscular assessment and research 
needed. Fellowship in EMG/NCV required with 
BE/BE in EMG (AAEM). The appointment will be 
full-time at the Assistant Professor level, and will 
include responsibilities in research, clinical teaching 
and patient care. Interested candidates should send 
a CV and three letters of reference to: Peter W. 
Kaplan, MD, Johns Hopkins School of Medicine, 
Francis Scott Key Medical Center, 4940 Eastern 
Avenue, Baltimore, MD 21224. 
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We Target The Physician You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by precisely 
the physician you need — neurologists, child neurologists and neurological surgeons. A 
specialized physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and attach your 
typewritten copy. The next available issue is May which closes Wednesday March 25th. 


The classified rate is $1.05 per word for one issue. For three issues or more, the rate is $.95 
per word per issue. Minimum classified ad is 20 words. 


ORDER FORM 
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Classified Department, P.O. Box 1510, Clearwater, Florida 34617 





Residencies See 


NEUROLOGY RESIDENCY PROGRAM at the Uni- 
versity of North Carolina. PGYII position available 
for entrance into Neurology Residency Program for 
1992. Appointment will be made through the Neu- 
rology Residency Matching Program in 1992. Our 
program offers strong clinical training in general 
adult and child neurology as well as subspecialty 
exposure to epilepsy, sleep disorders, neuromuscu- 
lar diseases and pain. For information contact: John 
A. Messenheimer, MD, School of Medicine, Depart- 
ment of Neurology, University of North Carolina, CB 
#7025, 751 Clinical Sciences Building, Chapel Hill, 
NC 27599-7025. (919) 966-3707. 


THE UNIVERSITY OF Cincinnati Neurology 
Department is offering a second year neurology 
residency position (PGYII|) beginning as soon as 
possible. For information contact: Joseph P. 
Broderick, MD, Residency Director, Department of 
Neurology, University of Cincinnati Medical Center, 
Cincinnati, OH 45267-0525. (513) 558-5431. 








Practices Available 





BUSY GENERAL neurology practice in southeast 
Kentucky for sale. Above average income. Beautiful 
location, one hour drive near major cities. Reply to: 
Box #829, c/o AON. 


PRACTICE FOR SALE in beautiful northern Cali- 
fornia close to Stanford and Berkley. Unlimited 
potential for growth. Reply to: 4318C Valley Avenue, 
Pleasanton, CA 94566. Or call: (510) 462-2214. 





Medical Services 


















AMBULATORY 
EEG SCANNING SERVICE 
For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 
Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 
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Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus 
When, in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
of alternative antiepileptic medication arises, this should be done gradually. However, in the event of an 
allergic or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 
case, alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class 

There have been a number of reports suggesting a relationship between phenytoin and the develop- 
ment of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
lymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
established, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
from other types of lymph node pathology. Lymph node involvement may occur with or without symp- 
toms and signs resembling serum sickness, eg, fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 

exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of antiepileptic 
drugs by women with epilepsy and a higher incidence of birth defects in children born to these women 
Data are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
commonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data on drug teratogenicity in humans; genetic factors 
or the epileptic condition itself may be more important than drug therapy in leading to birth defects. 
The great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
‘hat antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
drevent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
nypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation 
of the drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
prescribing physician will wish to weigh these considerations in treating or counseling epileptic women 
of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
ind heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
yave more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
iciency, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
varbiturates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
issociated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
eceived phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because 
of altered phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
articularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
idjustment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
nothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
his defect and has been recommended to be given to the mother before delivery and to the neonate 
after birth. 

NRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 
mpaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
he drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction: it 
ippears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
liscontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
lohnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
nd alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 
measles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
f the rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
\ypersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
2g, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported 
'henytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin’s 
iterference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
iagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
detit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred 
) as “delirium, “psychosis; or “encephalopathy, or rarely irreversible cerebellar dysfunction. Accordingly, 
tthe first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
3 indicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
Yarnings.) 
iformation for Patients: Patients taking phenytoin should be advised of the importance of adhering 
trictly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 
thich it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 
ye physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development 
f gingival hyperplasia and its complications. 

1o not use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, Hp-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
coraining calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not atrue drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamyl 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
Nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, anc toxic 
epidermal necrolysis (see Precautions) 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
Macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial'symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 
as 50 meg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
Supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 
in mind. 

Caution — Federal law prohibits dispensing without prescription. 
© 1989 Warner-Lambert Co. 
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Thousandsof 2 


neurologists go by | 
the same name. ^) 


Neurologists write “Dilantin” more often than any other name in anti- 4 
convulsant therapy'—and for good reasons: 


m Unsurpassed control of generalized and partial seizures ** 
m Convenient once-daily dosing for many patients* 
m Significantly lower cost than carbamazepine or valproic acid’ 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


*For adult patients already controlled on 100 mg tid of Dilantin Kapseals. 
t Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91." 


Please see next page for a brief summary of full prescribing information 


e © ; a 
Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg Y VO 
For control, compliance, and cost 


© 1991 Warner-Lambert Company 
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Smoother Plasma Levodopa-Levels” 
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SINEMET 25-100 
SINEMET CR 50-200 


Less fluctuation of 
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with SINEMET CR vs 








SINEMET” (carbidopa-Levodopa)! 
In a clinical trial, 14 patients 
with mild to moderate 
Parkinson's disease had 


plasma levodopa levels 
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measured over 8 hours after 
one dose of SINEMET CR, 
and were compared with 
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Smoother plasma levodopa levels 


The catises of motor fluctuations are not completely 
understood; in some patients they may be 
attenuated by treatment regimens that produce 
steady plasma levels of levodopa. 


levels over the same 
period after two doses of 
SINEMET 25-100. 


2PM 3PM 4PM 


Reduced dosing frequency” 


In aseparate multicenter, double-blind trial of 
202 patients with advanced Parkinson’s disease, 
patients recorded a mean reduction of 33% in 
daily dosing frequency with SINEMET CR? 





* Patients should be advised that sometimes the onset of effect of the first morn- 
ing dose of SINEMET CR may be delayed for up to 1 hour compared with the 
response usually obtained from the first morning dose of SINEMET. The physi- 
cian should be notified if such delayed responses pose a problem in treatment. 


Before prescribing SINEMET CR, please see a Brief Summary of Prescrib- 
ing Information on the following pages. 


® SINEMET is a registered trademark of Merck & Co., Inc., Rahway, NJ, USA 
©1992 Du Pont Pharmaceuticals Printed in USA CR-31092 3/92 


SINEMET CR is indicated in the treatment of the symptoms of idiopathic 
Parkinson's disease (paralysis agitans), postencephalitic parkinsonism, 
and symptomatic parkinsonism which may follow injury to the nervous 
system by carbon monoxide intoxication and manganese intoxication. 

4. Goetz CG, Tanner CM, Shannon KM, et al: Controlled-release carbidopa/levodopa 
(CR4-Sinemet) in Parkinson's disease patients with and without motor fluctuations. 
Neurology. 1988;38:1143-1146. 

2. Hutton JT. Morris JL, Bush DF, et al: Multicenter controlled study of Sinemet CR vs 
Sinemet (25/100) in advanced Parkinson's disease. Neurology. 1989;39 (suppl 2): 
67-72 
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a Significantly greater benefits as rated by patients 
previously treated with SINEMET® (Carbidopa-Levodopa)*2 


a Although in clinical trials, patients with moderate 
to severe motor fluctuations who received 
SINEMET” CR (Carbidopa-Levodopa) Sustained-Release 
did not experience quantitatively significant 
reductions in “off” time when compared to SINEMET, 
global ratings of improvement as assessed by both 
patient and physician were better during therapy 
with SINEMET CR than with SINEMET. 


Tin clinical trials of patients with moderate to severe motor fluctuations, global 
ratings of improvement as assessed by both patient and physician were better 
during therapy with SINEMET CR than with SINEMET. 

+Ratings based on patients’ subjective assessment of global improvement 
in Clinical fluctuations. 

**Physician ratings based on significantly greater overall improvement in 
patient's clinical condition after eight weeks on SINEMET CR (compared to 
Status at beginning of double-blind phase of same trials). 


When patients are receiving levodopa without a decarboxylase inhibitor, 


levodopa must be discontinued at least eight hours before SINEMET CR 
is started. It is necessary to individualize therapy. SINEMET CR should 


.” For manly patients? 


More Qualit 


1 \ 
ie] 


Time 


® Significantly greater clinical improvement in 
patients with moderate to severe motor fluctuations 
as rated by physicians**2 


a In controlled clinical trials, patients predominantly 
with moderate to severe motor fluctuations while on 
SINEMET were randomized to therapy with either 

lence 


SINEMET or SINEMET CR: > expre 
profile of SINEMET CR did not diffèr substantial 
from that of SINEMET. E A 


be substituted at a dosage that will provide approximately 25% of the 
dosage. Nonselective 


previous levodopa ge. MAO inhibitors are contraindi- 
cated for use with SINEMET CR. These inhibitors must be discontinued 
at least two weeks prior to initiating therapy with SINEMET CR. 
SINEMET CR may be administered concomitantly with the manu- 
facturer's recommended dose of an MAO inhibitor with selectivity for 
MAO type B, (e.g., selegiline HCI). SINEMET CR is contraindicated in 
patients with known hypersensitivity to any component of this drug and 
in patients with na le glaucoma. Because levodopa may activate 
a malignant melanoma, SINEMET CR should not be used in patients 
with suspicious, undiagnosed skin lesions or a history of melanoma. 





SINEMETCR 
(CARBIDOPA-LEVODOPA) © 
SUSTAINED-RELEASE ~ 





Guidelines for Initial Conversion from 
SINEMET” to SINEMET CR 


(Carbidopa-Levodopa) 


= Dosage with SINEMET CR should be substituted 
at an amount that provides approximately 10% 
more levodopa per day. This may be increased to 
a dosage that provides up to 30% more levodopa 
per day depending on clinical response. 
(See DOSAGE AND ADMINISTRATION, Titration. y 

a Interval between doses of SINEMET CR should 
be 4-8 hours during the waking day. 

= Doses and dosing intervals may be increased 
or decreased depending upon therapeutic 
response. 





500-600 12 tab bid. or 1 tab t.i.d. 


A total of 4 tabs in 3 or more divided doses 


(e.g., 1¥2 tab a.m., 12 tab early p.m., and 1 tab later p.m.) 





A total of 5 tabs in 3 or more divided doses 


(e.g., 2tabs a.m., 2 tabs early p.m., and 1 tab later p.m.) 


900-1000 





The above is only provided as an example of conversion. Dosage must be 
individualized and will vay Trom patient to patient. This example chart 
reflects dosing of SINEMET CR to provide an increase of approximately 
10% more levodopa. 
*The bioavailability of levodopa from SINEMET CR relative to SINEMET is 
approximately 70%-75%. 
+For dosing ranges not shown in the table see DOSAGE AND ADMINISTRATION, 
Initial Dosage—Patients currently treated with conventional c 
are preparations of enclosed Brief Summary of Prescribing 
information. 


SINEMET” CR croone 


SUSTAINED-RELEASE TABLETS 


CONTRAINDICATIONS Nonselective MAO inhibitors are 
contraindicatedfor use with SINEMET" CR. These inhibitors 
must be discontinued at least two weeks prior to initiating 
therapy with SINEMET CR. SINEMET CR may be administered 
concomitantly with the manufacturer's recommended dose 
of an MAO inhibitor with selectivity for MAO type B (eg., 
selegiline HCI). 

SINEMET CR is contraindicated in patients with known 
hypersensitivity to any component of this drug and in patients 
with narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, 
SINEMET CRshouldnotbe used in patients with suspicious, 
undiagnosed skin lesions or a history of melanoma. 
WARNINGS When patients are receiving levodopa without 
a decarboxylase inhibitor, levodopa must be discontinued at 
least eight hours before SINEMET CR is started. In order to 
reduce adverse reactions, it is necessary to individualize 
therapy. SINEMET CRshould be substituted ata dosage that 
will provide approximately 25 percent of the previous levodopa 
dosage (see DOSAGE AND ADMINISTRATION). 

Carbidopadoes not decrease adverse reactions due to cen- 
tral effects of levodopa. By permitting more levodopa to reach 
the brain, particularly when nausea and vomiting is nota dose- 
limiting factor, certain adverse CNS effects, e.g., dyskinesias, 
will occur at lower dosages and sooner during therapy with 
SINEMET CR (Carbidopa-Levodopa, Sustained-Release) than 
with levodopa alone. 

As with levodopa, SINEMET CR may cause involuntary 
movements and mental disturbances. These reactions are 
thought to be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be observed care- 
fully for the development of depression with concomitant 
suicidal tendencies. Patients with past or current psychoses 
should be treated with caution. The occurrence of dyskinesias 
may require dosage reduction. 

Patients receiving SINEMET CR may develop increased dys- 
kinesia compared to SINEMET (Carbidopa-Levodopa). 

SINEMET CR should be administered cautiously to patients 
with severe cardiovascular or pulmonary disease, bronchial 
asthma, renal, hepatic or endocrine disease. 

As with levodopa, care should be exercised in administer- 
ing SINEMET CR to patients with a history of myocardial in- 
farction who have residual atrial, nodal, or ventricular 
arrhythmias. In such patients, cardiac function should be moni- 
tored with particular care during the period of initial dosage 
adjustment, in a fecility with provisions for intensive cardiac 
care. 

Aswith levodopa, treatment with SINEMET CR may increase 
the possibility of upper gastrointestinal hemorrhage in patients 
with a history of peptic ulcer. 

A symptom complex resembling the neuroleptic malignant 
syndrome includingmuscular rigidity, elevated body temper- 
ature, mental changes, and increased serum creatine phos- 
phokinase has been reported when antiparkinsonian agents 
were withdrawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET CRis reduced 
abruptly or discontinued, especially if the patientis receiving 
neuroleptics. 

PRECAUTIONS General As with levodopa, periodic evalua- 
tions of hepatic, hematopoietic, cardiovascular, and renal func- 
tion are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET CR provided the intraocular pres- 
sure is well controlled and the patient is monitored carefully 
for changes in intraocular pressure during therapy. 
Information for Patients The patient should be informed that 
SINEMET CRis a susiained-release formulation of carbidopa- 
levodopa which releases these ingredients over a 4 to 6 hour 
period. itis important that SINEMET CR be taken at regular 
intervals accordingto the schedule outlined by the physician. 
The patient should be cautioned not to change the prescribed 
dosage regimen and not to add any additional antiparkinson 
medications, including other carbidopa-levodopa preparations, 
without first consulting the physician. 

Hfabnormal involuntary movements appear or get worse dur- 
ing treatment with SINEMET CR, the physician should be noti- 
fied, as dosage adjustment may be necessary. 

Patients should be advised thatsometimes the onset of ef- 
fectof the firs: morning dose of SINEMET CRmay be delayed 
for up to 1 hour compared with the response usually obtained 
fromthe first moming dose of SINEMET (Carbidopa-Levodopa). 
The physician should be notified if such delayed responses 
pose a problem in treatment. 

Patients must be advised that the whole or halftablet should 
be swallowed without chewing or crushing. 

NOTE: The suggested advice to patients being treated with 
SINEMET CRis intended to aid in the safe and effective use 


of this medication. Itis nota disclosure of all possible adverse 


or intended effects. 

Laboratory Tasts Abnormalities in laboratory tests may in- 
clude elevations of liver function tests such as alkaline phos- 
phatase, SGOT (AST), SGPT (ALT), lactic dehydrogenase, and 
bilirubin. Abnormalities in blood urea nitrogen and positive 
Coombs test have also been reported. Commonly, levels of 
blood urea nitrogen, creatinine, and uric acid are lower dur- 


ing administration of carbidopa-levodopa preparations than 
with levodopa. 

Carbidopa-levodopa preparations may cause a false-positive 
reaction for urinary ketone bodies when atest tape is used for 
determination of ketonuria. This reaction will not be altered by 
boiling the urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glucosuria. 
Drug Interactions Caution should be exercised when the 
following drugs are administered concomitantly with 
SINEMET CR (Carbidopa-Levodopa, Sustained-Release). 

Symptomatic postural hypotension has occurred when 
carbidopa-levodopa preparations were added to the treatment 
of patients receiving some antihypertensive drugs. Therefore, 
when therapy with SINEMET CRis started, dosage adjustment 
of the antihypertensive drug may be required. For patients 
receiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS. 

There have been rare reports of adverse reactions, includ- 
ing hypertension and dyskinesia, resulting from the concomi- 
tantuse of tricyclic antidepressants and carbidopa-levodopa 
preparations. 

Phenothiazines and butyrophenones may reduce the ther- 
apeutic effects of levodopa. In addition, the beneficial effects 
of levodopa in Parkinson's disease have been reported to be 
Teversed by phenytoin and papaverine. Patients taking these 
drugs with SINEMET CR shouldbe carefully observed for loss 


of therapeutic response. 

Carcinogenesis, Mutagenesis, Impairment of Fertill- 
ty ina two-year bioassay of SINEMET (Carbidopa-Levodopa), 
no evidence of carcinogenicity was found in rats receiving 
doses of approximately two times the maximum daily human 
dose of carbidopa and four times the maximum daily human 
dose of levodopa (equivalent to 8 SINEMET CR tablets). 

In reproduction studies with SINEMET (Carbidopa- 
Levodopa), no effects on fertility were found in rats receiving 
doses of approximately two times the maximum daily human 
dose of carbidopaand four times the maximum daily human 
dose of levodopa (equivalent to 8 SINEMET CR tablets). 

Category C. No teratogenic effects were 
observed ina study in mice receiving up to 20 times the maxi- 
mum recommended human dose of SINEMET (Carbidopa- 
Levodopa). There was a decrease in the number of live pups 
delivered by rats receiving approximately two times the maxi- 
mum recommended human dose of carbidopa and approxi- 
mately five times the maximum recommended human dose 
of levodopa during organogenesis. SINEMET (Carbidopa- 
Levodopa) caused both visceral and skeletal malformations 
in rabbits at all doses and ratios of carbidopa/levodopa test- 
ed, which ranged from 10 times/5 times the maximum recom- 
mended human dose of carbidopallevodopa to 20 times/10 
times the maximum recommended human dose of carbido- 
pa/levodopa. 

There are no adequate or well-controlled studies in pregnant 
women, Use of SINEMET CRin women of childbearing poten- 
tial requires that the anticipated benefits of the drug be weighed 
against possible hazards to mother and child. 

Nursing Mothers itis not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human 
milk, caution should be exercised when SINEMET CRis ad- 
ministered to a nursing mother. 

Pediatric Use Safety and effectiveness in infants and children 
havenotbeen established, and use of the drug in patients be- 
low the age of 18 is not recommended. 

ADVERSE REACTIONS In controlled clinical trials, patients 
predominantly with moderate to severe motor fluctuations while 
on SINEMET (Carbidopa-Levodopa) were randomized to ther- 
apy with either SINEMET (Carbidopa-Levodopa) or 
SINEMET CR. The adverse experience frequency profile of 
SINEMET CRdidnotdiffer substantially from that of SINEMET 
(Carbidopa-Levodopa), as shown in Table 1. 


Table 1 Clinical Adverse Experiences Occurring in 1% or 
Greater of Patients 





SINEMETCR SINEMET 
(Carbidopa-Levodopa) 
n=491 n=524 

Adverse Experience % % 
Dyskinesia 16.5 122 
Nausea 55 57 
Hallucinations 39 32 
Confusion 37 23 
Dizziness 29 23 
Depression 22 13 
Urinary Tract Infection 22 23 
Headache 20 19 
Dream Abnormalities 18 08 
Dystonia 18 08 
Vomiting 18 19 
Upper Respiratory Infection 1.8 10 

16 04 
‘On-Off Phenomena 16 11 
Back Pain 16 06 
Dry Mouth 14 1.1 
Anorexia 12 11 
Diarrhea 12 0.6 
Insomnia 12 10 
Orthostatic Hypotension 1.0 1.1 
Shoulder Pain 10 0.6 


SINEMETCR SINEMET 


-Levodopa) 
n=491 n=524 
Adverse Experience % % 
Chest Pain 1.0 08 
Muscle Cramps 08 10 
ji 0.8 11 
Urinary Frequency 0.8 1.1 
j 06 11 
Constipation 02 15 


Abnormal laboratory findings occurring ata frequency of 1% 
or greater in approximately 443 patients who received 
SINEMET CR and 475 who received SINEMET (Carbidopa- 
Levodopa) during controlled clinical trials included: decreased 
PETAEN Rai OA e N tone une white 
blood cells, bacteria and blood in the urine. 

The adverse experiences observed in patients in uncontrolled 
Studies were similar to those seen in controlled clinical studies. 
Other adverse experiences reported overall in clinical trials in 
748 patients treated with SINEMET CR, listed by body system 
in order of decreasing frequency, include: 

Nervous System/Psychiatric: Chorea, somnolence, falling, anxi- 
ety disorder, disorientation, decreased mental acuity, gaitab- 


Bodyasa Whole: Asteria, aque abdominal pain othosttic 


me Gastrointestinal pain, dysphagia, heartburn. 
Cardiovascular: Palpitation, essential hypertension, hypoten- 
sion, myocardial infarction. 

Special Senses: Blurred vision. 

Metabolic: Weight loss. 

Skin: Rash. 

Respiratory: Cough, oy pain, common cold. 
Urogenital: Urinary incontinence. 

Musculoskeletal: Leg pain. 

a DAA 
potassium; increased BUN, serum creatinine and serum LDH; 
protein and glucose i in the urine. 

Other adverse have been reported with various 
Carbidopa-levodopa formulations and may occur with 
SINEMET CR: 


bradykinetic episodes. 
Gastrointestinal: Gastrointestinal bleeding, cand 
duodenal ulcer. 
Cardiovascular: Cardiac irregularities, phlebitis. 
Hematologic: Hemolytic and nonhemolytic anemia, throm- 
bocytopenia, leukopenia, agranulocytosis. 
Laboratory Tests: Abnormalities in alkaline phosphatase, SGOT 
(AST), SGPT (ALT), lactic dehydrogenase, bilirubin, protein - 
bound iodine, Coombs test. 
Other adverse reactions that have been reported with levodo- 
pa are: 
Nervous System: Numbness, increased hand tremor, muscle 
twitching, blepharospasm (which may be taken as an early sign 
of excess dosage, consideration of dosage reduction may be 
made at this time), trismus, activation of latent Horner's 


oscar arent melanoma (see also CONTRAIN- 
DICATIONS), flushing, increased sweating, dark sweat, loss 
of hair. 

Genitourinary: Urinary retention, urinary incontinence, dark 


urine, priapism. 
Miscellaneous: Faintness, hoarseness, malaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuroleptic 
malignant syndrome. 
OVERDOSAGE Management of acute overdosage with 
SINEMET CRis the sameas with levodopa. isnot 
effective in reversing the actions of SINEMET CR. 

General supportive measures should be employed, along 
with immediate gastric lavage. Intravenous fluids should be 


Ga ares tas teen ued wh Gas hence, 
its value in overdosage is not 

Ioan e hutch iach coc icine 
carbidopa were administered, a significant proportion of rats ——————— 
and mice given single oral doses of levodopa of approximate- 
ty 1500-2000 mg/kg are expected to die. A significant propor- 
tion of infant rats of both sexes are expected to die at a dose 
oeoo molka, A signilcant proportion of rals ara apeciadio 

die after treatment with similar doses of carbidopa. Theaddi- 
tion of carbidopa in a 1:10 ratio with levodopa increases the 
dose at which a significant proportion of mice are expected 
to die to 3360 mg/kg. 
DOSAGE AND ADMINISTRATION SINEMET CR tablets 
Contain carbidopa (50 mg) and levodopa (200 mg) in a 1:4 ratio. 


The daily dosage of SINEMET CR must be determined by care- 

ful titration. Patients should be monitored closely during the 

dose adjustment period, particularly with regard to appear- 

ance or worsening of involuntary movements, dyskinesias or 

nausea. SINEMET CRmay be administered as whole oras half- 
crushed. 


Standard drugs for Parkinson's disease, other than levodo- 
pawithouta inhibitor, may be used concomi- 
tantly while SINEMET CRis being administered, although their 
dosage may have to be adjusted. 

Since prevents the reversal of levodopa effects 
Caused by pyridoxine, SINEMET CR can be given to patients 


a/carbidopa-levodopa preparations: Dosage with SINEMET CR 
should be substituted at an amount that provides approxi- 
mately 10% more levodopa per day, although this may need 
to be increased to a dosage that provides up to 30% more 
levodopa per day depending on clinical response (see DOSAGE 
AND ADMINISTRATION, TITRATION). The interval between 
doses of SINEMET CR should be 4-8 hours during the wak- 
ing day. (See CLINICAL PHARMACOLOGY, Phar- 


macodynamics). 

Patients currently treated with levodopa without a decarboxy- 
lase inhibitor: Levodopa must be discontinued at least 
eight hours before therapy with SINEMET CR is started. 
SINEMET CRshould be substituted at a dosage that will pro- 
vide approximately 25% of the previous levodopa dosage. In 
patients with mild to moderate disease, the initial dose is usually 
1 tablet of SINEMET CR bid. Patients not receiving levodopa: 
In patients with mild to moderate disease, the initial recom- 
mended dose is 1 tablet of SINEMET CR bid. Initial dosage 
should not be given at intervals of less than 6 hours. 
Titration Following initiation of therapy, doses and dosing in- 
tervals may be increased or decreased depending upon ther- 
apeutic response. Most patients have been adequately treated 
with 2 to 8 tablets per day, administered as divided doses at 
intervals ranging from 4 to 8 hours during the waking day. Higher 
doses (12 or more tablets per day) and shorter intervals (less 
than 4 hours) have been used, but are not usually recom- 

mended. 


When doses of SINEMET CR are given at intervals of less 
than 4 hours, and/or if the divided doses are not equal, it is 


para- recommended that the smaller doses be given at the end 
of the day. 


Aninterval of at least 3 days between dosage adjustments 
is recommended. 

Maintenance Because Parkinson's disease is progressive, 
periodic clinical evaluations are recommended; adjustment 
of the dosage regimen of SINEMET CR may be required. 

Addition of Other Antiparkinson Medications Anti- 
cholinergic agents, dopamine agonists, and amantadine can 
be given with SINEMET CR. Dosage adjustment of 
SINEMET CR may be necessary when these agents are added. 

A dose of SINEMET (Carbidopa-Levodopa) 25-100 or 10-100 

(one half or a whole tablet) can be added to the dosage regi- 
men of SINEMET CRin selected patients with advanced dis- 
ease who need additional levodopa for a brief time during 
daytime hours. 
Interruption of Therapy Patients should be observed care- 
fully if abrupt reduction or discontinuation of SINEMET CRis 
required, especially if the patient is receiving neuroleptics. (See 
WARNINGS). 

Hf general anesthesia is required, SINEMET CR may be con- 
tinued as long as the patient is permitted to take oral medica- 
tion. If therapy is interrupted temporarily, the ususal dosage 
should be administered as soon as the patient is able to take 
oral medication. 

HOW SUPPLIED SINEMET CR 50-200 (Carbidopa- 

Levodopa) SUSTAINED-RELEASE TABLETS containing 50mg 

pei alarm oareceue pe np oi 
scored, biconvex, compressed tablets, coded 521. They are 

supplied as follows: 

NDC 0056-0521-68 bottles of 100 

NDC 0056-0521-28 unit dose packages of 100. 

Storage Avoid temperatures above 30°C (86°F). Store in a 

tightly closed container. 
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TABLETS 
SINEMET” ccarsioopa.evoooea) 


When SINEMET is to be given to patients who are be- 
Ing treated with levodopa, levodopa must be discon- 
tinued at least 8 hours before therapy with SINEMET 
is started. in order to reduce adverse reactions, It's 


necessary to Individualize See the WARNINGS 
low and DOSAGEAND sections 
INDICATIONS SEMET sacar nent 
symptoms of Hover econ rg 


postencephalitic parkinsonism, and 
sonismvhich may folowinjuryo thenenvous syster by ca. 
bon monoxide intoxication 


The incidence of levodopa -induced nausea and vomiting 
islesswih SINEMET than withlevodopa inmary patents tig 
feduction in iauseaand vomiting wil permitmore rapid dosage 


Insome bron berey win SNEMET hana 


effects 


ing pp be pyridoxine (vitami 
Although the administration of carbidopa permits control 


vomiting, the eter, 
should be aware that, while many patients may be expected 
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E> DHEA 


cihydroergotamne mesylate 
injection, USP 


Acts directly on the serotonin 
receptors thought to be the 
source of migraine pain*"” 

È FAST RELIEF—In a group of 21 patients treated 


with D.H.E. 45, the mean pain score dropped 
71%! in 30 minutes’ 


O NONNARCOTIC— Nonaddictive, nonsedative 


Unlike ergotamine tartrate: 


È Avenoconstrictor with minimal arterial 
vasoconstricting activity** 


) Reduced incidence of nausea‘ 


Ọ Aborts ongoing headache‘ 


“In animal models D.H.E. 45 was shown to bind selectively to 5-HT,, 
serotonin receptors. Clinical significance has not yet been 
established. 


tMean pain scores fell from 83 to 25 on a scale of 0 to 100, with 100 being the worst possible. 


THE FIRST 5-HT, AGONIST 








“For many [episodic migraine] patients drug dependence 


cycles have become established: for others, disabling 


headaches continue unabated, seemingly indetinitely. 
The use of DHE...has revolutionized the therapeutic 


approach to this segmert... 


D.H.E. 45. 


(dihydroergotamine mesylate) 
injection, USP 


DESCRIPTION 


D.H.E. 45 is hydrogenated ergotamine as the mesylate. It is a clear, colorless, stable ampul 
solution containing per mL: 






dihydroergotamine mesylate, USP .... 2.2... 6... eee e ee eee ere e eee etter ses Img 
methanesulfonic acid/sodium hydroxide ..........-.----.0--0-e0055 qs to pH 3.6 + 0.4 
ICON USP oies inaari cress aie a ayia men ghar ayer 4d ajeta tie DE Rare Nara gare 6.1% by vol. 
IVCA USP o eani nE EE . 15% by wt. 
water for injection, USP, qS t0 ..... -o.o onoeeueereorsronensosnnennrrerrrerteet iml 


ACTIONS 


Dihydroergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the 
smooth muscle of peripheral and cranial blood vessels, and produces depression of central 
vasomotor centers. The compound also has the properties of serotonin antagonism. In 
comparison to ergotamine, the adrenergic blocking actions are more pronounced, the vaso- 
constrictive actions somewhat less pronounced, and there is reduced incidence and degree of 
nausea and vomiting. 

Onset of action occurs in 15 to 30 minutes following intramuscular administration and persists 
for 3-4 hours. 

Repeated dosage at 1 hour intervals up to 3 hours may be required to obtain maximal effect. 
INDICATIONS 

As therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so-called 
“histaminic cephalalgia” when rapid control is desired or when other routes of administration are 
not feasible. 

CONTRAINDICATIONS 

Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal 
function, sepsis and pregnancy. Hypersensitivity. 

ADVERSE REACTIONS 7 

Numbness and tingling of fingers and toes, muscle pains in the extremities, weakness in the 
legs, precordial distress and pain, transient tachycardia or bradycardia, nausea, vomiting, 
localized edema and itching. 


There have been reports of pleural and retroperitoneal fibrosis in patients following prolonged 
use of dihydroergotamine. 


DHE-0192-01 1/92 


“4 


N.H. Raskin, MD 


DOSAGE AND ADMINISTRATION 
For vascular headache, 1 mL inramuscitarly at first warning sign of headache, repeated at X 
1 hour intervals to a total of 3 mL. Optimal results are obtained by titrating the dose for several 
headaches to find the minimal effective dose for each patient and this dose should then be 
employed at onset of subsequent attacks. Where more rapid effect is desired, the intravenous 
route may be employed to a maximum of 2 mL. Total weekly dosage should not exceed 6 mL. 
OVERDOSAGE 
Failure to observe the upper limits of repeated parenteral dosage may result in eventual onset 
of the peripheral toxic signs and symptoms of ergotism. Treatment includes discontinuance of the 
drug, warmth, vasodilators, and good nursing care to prevent tissue damage. 
HOW SUPPLIED 
As a clear, colorless and stable solution in ampuls containing: 
dihydroergotamine mesylate, USP ........... 
methanesulfonic acid/sodium hydroxide . .. . 
a A TT 
glycerin, USP .............. 
water for injection, USP, qs to 
Ampuls, 1 mL size — boxes of 20. 


To assure constant potency, protect the ampuls from light and heat. In the event the ampul solution 
becomes discolored, it should not be used. 


“Also known as Dyhydergot® 


SANDOZ PHARMACEUTICALS CORPORATION, East Hanover, NJ 07936 
[NOVEMBER 15, 1990 DHE-Z20(BB)] 
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CALENDAR 


CALENDAR OF MEETINGS 


Neuroradiology Review Course, Hyatt Regency Oak Brook, Oak Brook, Ill. Con- 
tact Department of Continuing Medical Education, Loyola University Stritch 
School of Medicine, 2160 S First Ave, Maywood, IL 60153; (708) 216-3236. 


Ninth International Congress of Electromyography and Clinical Neurophysiol- 
ogy, Jerusalem, Israel. Contact Dr Arieh N. Gilai, Ninth Congress, PO Box 29334, 
61292 Tel Aviv, Israel. 


13th Annual Child Neurology Postgraduate Course. Contact Oscar Papazian, 
MD, Department of Neurology, Miami Children’s Hospital, 3200 SW 60th Ct, 
Miami, FL 33155; (305) 662-8330. 


68th Annual Meeting of the American Association of Neuropathologists, Adam’s 
Mark Hotel, St Louis, Mo. Contact Reid R. Heffner, MD, Department of Pathol- 
ogy, 204 Farber Hall, State University of New York School of Medicine, Buffalo, 
NY 14214; (716) 898-3114. 


Second International Congress of Movement Disorders, Munich, Germany. 
Contact Secretariat, International Society of Movement Disorders, Clarastrasse 
57, CH-4005 Basel, Switzerland. 


“Genetics for Clinicians,” The Princess Hotel, Bermuda. Contact Aubrey Milun- 
sky, Center for Human Genetics, Boston University School of Medicine, 80 E 
Concord St, Boston, MA 02118; (617) 638-7083. 


Third International Conference on Alzheimer’s Disease and Related Disorders, 
Padova, Italy. Contact Conference Organizer, Dr P. Satta, Departimento di Bio- 
logia, CNR Unit, Via Trieste 75, 35131 Padova, Italy. 


“The Neurohypophysis: A Window on Brain Function,” Dartmouth College, 
Hanover, NH. Contact Conference Department, The New York Academy of Sci- 
ences, 2 E 63rd St, New York, NY 10021; (212) 838-0230. 
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Patient support groups 


Safety/efficacy profile 


Call 1-800-44-BOTOX 


This number provides you with the latest information 
on botulinum toxin and its use. Call today. 


Botulinum Toxin 
Type A 
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POSTHE (PFTIC NE! ^I GIA 


There Are Many Words To Describe The Pain. 


STABBING 
PENETRATING 
SHARP 
JABBING 
SHOOTING 
UNBEARABLE 
PIERCING 


GRIPPING 
SEARING 


And One For Treating It. 


Topical a ; 
Zostrix 
(Capsaicin0.025% wiw)Cream 


rds to describe a pain that is often intracta 
ifficult to treat. Zostrix® (Capsaicin 0.025% w/w) Cream provides an 
eat at alleviates intense pain in most PHN 








effective topical tr atients. 
Topical Zostrix Works Where It Hurts 





 OSTIX 
Capsaicin 0.025% w/w)Cream 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 


EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 
No known interactions with systemic medications commonly 
prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 


88 


DESCRIPTION 

Zostrix Cream contains capsaicin, 0.025% w/w, in an emollient base containing benzyl 
alcohol, cetyl alcohol, glycery! monostearate, isopropyl myristate, polyoxyethylene stearate 
blend, purified water, sorbitol solution and white petrolatum. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical name 
trans-8-methy|-N-vanillyl-6-nonenamide. Capsaicin is a white crystalline powder with a 
molecular weight of 305.4. It is practically insoluble in water but very soluble in alcohol, ether 
and chloroform 


ACTION 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin and joints insensitive to pain by depleting 
and preventing reaccumulation of substance P in peripheral sensory neurons. Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery to the 
central nervous system. In addition, substance P has been shown to be released into joint 
tissues and activate inflammatory mediators involved with the pathogenesis of rheumatoid 
arthritis 


INDICATION 

Zostrix is indicated for the temporary relief of peripheral neuralgias such as the pain 
following shingles (herpes zoster). Zostrix is also indicated for the temporary relief of the 
pain associated with rheumatoid arthritis and osteoarthritis 


WARNINGS 

FOR EXTERNAL USE ONLY. Avoid contact with eyes and broken or irritated skin. Do not 
bandage tightly. If condition worsens, or does not improve after 28 days, discontinue use 
of this product and consult your physician. Keep this and all drugs out of the reach 
of children. In case of accidental ingestion, seek professional assistance or contact a 
Poison Control Center immediately. 


DIRECTIONS 

Adults and children 2 years of age and older: Apply Zostrix to affected area 3 to 4 times daily 
Transient burning may occur upon application, but usually disappears in 72 hours. 
Application schedules of less than 3 to 4 times a day may not provide optimum pain relief 
and the burning sensation may persist. Wash hands immediately after applying 


Zostrix. 

HOW SUPPLIED 

1.5 oz tube (NDC 52761-552-45) Store at room temperature. 
3.0 oz tube (NDC 52761-552-85) U.S. Patent Nos. 4486450 and 5536404 





GenDerm Corporation GEN DERM? kn olf 


Lincolnshire, IL 60069 


BASF Group 
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Disturbances of Lower 
and Higher Visual 
Capacities Caused by 
Occipital Damage 





By W. Poppelreuter, translated by J. 
Zeihl and H. Weiskrantz, 365 pp, with 
illus, $47.50, New York, NY, Oxford 
University Press, 1990. 


J. Zeihl and H. Weiskrantz have 
translated into English Poppelreuter’s 
Disturbances of Lower and Higher Visual 
Capacities Caused by Occipital Damage. 
The original book was published in 
1917 and, until this translation, was 
unavailable in English. 

Professor Poppelreuter’s discover- 
ies and discussions are based on the 
examination of hundreds of patients 
with war injuries to the head. Pro- 
fessor Poppelreuter’s approach is sim- 
ilar to that still taken by behavioral 
neurologists. The book discusses per- 
ception, visual identification, atten- 
tion, optic ataxia, and disturbances 
of reading and writing. Because 
Professor Poppelreuter was con- 
cerned with patients, he also has 
an extensive discussion on recov- 
ery and training. 

Because of my research interest, I 
particularly enjoyed the section on 
attention. Professor Poppelreuter pro- 
vided strong evidence that extinction 
is not only induced by an attentional 
disorder but also notes that it may be 
difficult to distinguish between at- 
tentional and sensory disorders. I also 
enjoyed the section on disturbances 
of reading and writing, where he 
anticipated many recent advances 
in the cognitive neuropsychology 
of reading. 

Disturbances of Lower and Higher 
Visual Capacities Caused by Occipital 
Damage is handsomely attrac- 
tive and easy to read. I would rec- 
ommend the book to behavioral 
neurologists, | neuropsychologists, 
and neuro-ophthalmologists. While 

there is much that is dated in this 
| book, the old saying “If you 


















































want to learn new things, read old 
books” still holds true for clinical neu- 
roscience. 
KENNETH M. HEILMAN, MD 
Gainesville, Fla 


The Autonomic Nervous 
System: An Introduction 
to Basic and Clinical 
Concepts 


Ed 4, by Otto Appenzeller, 722 pp, with 
illus, $184.50, New York, NY, Elsevier 
Science Publishing Co Inc, 1990. 


The Autonomic Nervous System is a 
superb compilation of a massive 
amount of detailed information on 
the autonomic nervous system that is 
pertinent for all students of the sub- 
ject. The basic anatomy and physiol- 
ogy of the autonomic reflexes that 
control respiration, the cardiovascu- 
lar and gastrointestinal system, and 
the neurogenic control of micturition 
and the pupil are particularly well 
done. The central nervous system 
control of visceral function through 
cortical and hypothalamic pathways 
is clearly outlined. The chapters on 
circadian rhythms, the pineal 
gland, and autonomic function in 
paraplegia and tetraplegia contain a 
great deal of useful clinical infor- 
mation. 

The author, wherever possible, in- 
troduces the latest physiologic and 
neurochemical data to explain clini- 
cal phenomena. The interaction be- 
tween neuropeptides and catechola- 
mines at many levels of the neuraxis 
is detailed. The chapters are cohesive 
and uniform. The clinical expertise of 
the author is evident throughout the 
book. The entire work is replete with 
excellent illustrations and tables. The 
sympathetic nervous system is attract- 
ing a great deal of new interest for its 
role in pain, movement disorders that 
follow trauma, and in immune mod- 
ulation. These areas are not covered 
in this addition. The Autonomic Ner- 
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vous System is a superlative work 
that is valuable to all students of 
the autonomic nervous system and 
will be most helpful to the clinical 
neurologist. 
ROBERT J. SCHWARTZMAN, MD 
Philadelphia, Pa 


Impact of Cardiac 
Surgery on the Quality of 
Life: Neurological and 
Psychological Aspects 


Edited by A. E. Willner and G. Rode- 
wald, 522 pp, $115, New York, NY, Ple- 
num Press, 1990. 


Impact of Cardiac Surgery on the Qual- 
ity of Life includes 57 papers presented 
at an international symposium of the 
same name held in New York, NY, in 
March 1989. The conference was or- 
ganized by an international consor- 
tium of investigators who have been 
evaluating the psychological, cogni- 
tive, and neurological sequelae of car- 
diac operations. The consortium co- 
authored 19 of the 57 papers. Many 
of these papers deal with the prelim- 
inary results of this large, interna- 
tional study. 

Discussions of the frequency, types, 
and severity of psychiatric illnesses, 
psychometric testing, or neurologic 
deficits are included. Papers report- 
ing the influences of risk factors for 
vascular disease or stroke, clinical 
variables, and medical or surgical 
techniques are included. An empha- 
sis of many of the papers in this book 
is the evaluation of subtle cognitive 
or behavioral consequences of car- 
diac surgery. 

While this specialized text is of lim- 
ited usefulness for most neurologists 
in practice, it would be good for those 
who have an interest in behavioral 
neurology, neuropsychiatry, or heart- 
brain interactions. 

HAROLD P. ADAMS, JR, MD 
Iowa City, Iowa 
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Cerebral Sinus 
Thrombosis: Experimental 
and Clinical Aspects 


Edited by Karl Einhäupl, Oliver Kemp- 
ski, and Alexander Baethmann, 234 pp, 


$89.50, New York, NY, Plenum Press, - 


1990. 

Cerebral Sinus Thrombosis is the re- 
sult of a 1987 symposium on cerebral 
venous thrombosis (CVT). (Note that 
this book’s editors prefer the term 
“cerebral sinus vein thrombosis.”) Ce- 
rebral Sinus Thrombosis is presented in 
three parts: “Structural and Functional 
Basis,” “Mechanism of Brain Tissue 
Damage,” and “Clinical Aspects of 
Sinus Vein Thrombosis.” The first part 
reviews the morphologic appearance 
of the venous system as it concerns 
the dura, describes the neuropatho- 
logic findings associated with cere- 
bral venous thrombosis, and dis- 
cusses experimental models of cere- 
bral venous sinus thrombosis. The 
article on the beneficial effects of he- 
parin in experimental CVT will be of 
particular interest to clinicians. The 
section on the mechanisms of brain- 
tissue damage in CVT contains arti- 
cles on the physiology and patho- 
physiology of the cerebral venous cir- 
culation, the effect of hypoxia on 
smooth-muscle cells, the mechanism 
of ischemic brain damage, and the 
effects of eicosanoids, peptides, and 
amines on cerebral circulation. Re- 
cent advances in the cellular mecha- 
nisms of cerebral edema are compe- 
tently reviewed. A report on regional 
cerebral blood flow in patients with 
acute CVT and during recovery is 
noteworthy in that the blood flow 
changes do not seem to correlate with 
the severity of the signs or symp- 
toms. The section on the clinical as- 
pects of CVT contains several articles 
on the symptomatology and origins 
of cerebral venous thrombosis; the 
interested clinician will read this sec- 
tion with profit and pleasure. The 
ultrasound diagnosis of cerebral vas- 
cular flow disturbances is discussed. 
This section also includes an appro- 
priately brief article on surgery of the 
cerebral venous system. A placebo- 
controlled trial of the treatment of 
CVT with heparin presents results 
that clearly favor heparinization, even 
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in the presence of cerebral hemor- 
rhages. 

Cerebral Sinus Thrombosis will be a 
welcome addition to any neurologist’s 
library. It is hoped that the next in- 
ternational symposium on CVT will 
include significant contributions on 
the hypercoagulable states that exist 
in CVT as well as the techniques in 
magnetic resonance imaging and flow 
analysis of the venous system that 
have been developed since this sym- 
posium took place and that will re- 
place ultrasound. 

HENRY S. SCHUTTA, MD 
Madison, Wis 


Epilepsy: Frequency, 
Causes and Consequences 


By W. Allen Hauser and Dale C. Hesdorf- 
fer, 378 pp, with illus, $69.95, New York, 
NY, Demos Publications (also available as 
catalog No. 14IEFC from the Epilepsy 
Foundation of America, Landover, Md). 


This book has been compiled for 
the Epilepsy Foundation of America 
by Allen Hauser and his associate at 
the Sergievsky Center of Columbia 
University, New York, NY. Hauser 
has long been a most productive in- 
vestigator and teacher in neurology 
and neuroepidemiology and, in par- 
ticular, the epidemiology of the epi- 
lepsies. This work, then, may prop- 
erly be taken as an authoritative ex- 
position of the state of the art. 

Epilepsy consists of 10 chapters plus 
arather short glossary and index. In or- 
der, they areas follows: “Incidence and 
Prevalence,” “Risk Factors,” “Genet- 
ics,” “Prevention,” “Pregnancy and 
Teratogenesis,” “Prognosis,” “Intel- 
lectual and Psychological Factors,” 
“Employment,” “Mortality,” and “Sei- 
zures and Developmental Disabili- 
ties.” Each chapter begins with a sum- 
mary and ends with suggestions for fu- 
ture research, followed by a critically 
annotated and highly appropriate list 
of references. These last are current, 
with several from 1989 and more than 
a few “in press” or “submitted.” 

The studies reviewed comprise, as 
the the masthead to The New York 
Times states, “all the news that's fit to 
print.” All works are very critically 
assessed, so much so that the casual 
reader may well become exasperated 


with the repeated caveats provided 
as to the reliability, representative- 
ness, and generalizability of the in- 
dividual results. This is found 
throughout the work, but it reflects 
not the authors’ equivocations but, 
rather, the realities of the situation. 
Perhaps only one who has struggled 
with assessing these diversities in try- 
ing to make sense of the literature 
can really appreciate the effort that 
has gone into this compilation, and 
the high degree of success in its mean- 
ingful integration. The chapter titles 
speak to the content; as may be seen, 
they do, indeed, reflect all aspects of 
the title of the volume. 

As with all works some changes 
might be in order. It is somewhat 
irritating to read that in the United 
States “an estimated 70 003-128 717 
new cases of epilepsy per year are 
projected (p1).” Better would have 
been “70000-129 000.” This pseudo- 
precision arises from the authors’ pro- 
viding ranges based on the actual 
point estimates of the studies re- 
viewed and, thus, a “lowest” to “high- 
est” figure. Each of these estimates, 
of course, has its own measure of 
uncertainty (“confidence interval”). 

Whatis included as “idiopathic” vs 
“symptomatic” seizures is really not 
clarified, either in the text (p 17 and 
the following) or in the glossary. I 
would have assumed that all partial 
and some generalized seizures were 
included in the latter, as is rather stan- 
dard usage. That may not be the case, 
however; reference is made in the 
chapter “Mortality” to “idiopathic 
complex partial epilepsy” (p 297), and 
in the chapter “Seizures and Devel- 
opmental Disabilities” to “idiopathic 
[seizures of] West’s syndrome” (pp 
334 and 335). One could also quibble 
with the denigration of status epilep- 
ticus per se as cause of death (pp 315 
and 316). The prose is at times choppy 
and somewhat turgid. Typographi- 
cal errors are few, but one would pre- 
fer simple seizures to be “alluded” to 
rather than “eluded” (p 3). 

It is often said of a work that no 
serious student of the field can do 
without the one in question. This 
time, at least, I believe that statement 
is fully justified. 

JOHN F. KURTZKE, MD 
Washington, DC 
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| for motion sickness 
| prevention 
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e more effective than 25 mg meclizine 
and Dramamine”? 


e better compliance because transdermal 
delivery is more convenient 


' Transderm Scop: 
+ i scopolamine 
la programmed delivery 

0.5 mg over 72 hrs 


Transderm Scop should not be used in children. Use with 
special care in the elderly and in patients taking 
drugs (including alcohol) capable of causing f 
CNS effects. Dryness of the mouth occurs 
in about two thirds of people. Please 
see Prescribing Information on 
next page before 
prescribing. ~~ 





Transderm Scop” 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scop is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scop provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scép should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scop should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scdp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in,human milk, caution 
should be exerciséd when Trapsderm Scop is administered to 
a nursing woman. a CB, ` 
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ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scdp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
ScOp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washec thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


C88-5 (Rev. 2/88) 
CIBA 
References: 


1. Dahl E: Clin Pharmacol Ther 1984;36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scdp® demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P= 0.01) and placebo (P=0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scōp, compared to 50% with Dramamine* 
(P>0.05). 


659-5065-A © 1988, CIBA. 





Dogs for the 
Deaf helps fill 
the silence. 


Certified Hearing Dogs listen 
for a baby crying, doorbells, 
smoke alarms, or any of a dozen 
sounds, gently touch the deaf 
person with a paw and lead them 
to the sound. 


Dogs are rescued from shel- 
ters — often just before being 
put to sleep —trained 4-6 
months as Hearing Dogs and are 
delivered anywhere in the USA. 


ABSOLUTELY FREE! 


Join Dogs for the Deaf. For 
more information on member- 
ship, our video, tour reservations, 
or to apply for a free dog for 
yourself or someone you love, 
write or call: 


DOGS FOR 
THE DEAF 


10175 Wheeler Rd. 
Central Point, OR 
97502 


(503) 826-9220 
Voice/TDD 


(Hearing Dogs are allowed the same access rights 
to transportation, buildings, restaurants, markets, 
schools and other public facilities as other guide 
dogs. Dogs for the Deaf Hearing Dogs are 
identified by a blaze orange collar and leash, and 
the owner carries a photo 1.D.) 

(Advertising space has been provided as a public service 
by this publication) 
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Tegretol® 
carbamazepine USP 


Chewable Tablets of 100 mg—red-speckled, pink 
Tablets of 200 mg—pink 
Suspension of 100 mg/5 ml 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN RE- 
PORTED IN ASSOCIATION WITH THE USE OF TEGRETOL 
DATA FROM A POPULATION-BASED CASE CONTROL STUDY 
DEMONSTRATE THAT THE RISK OF DEVELOPING THESE RE- 
ACTIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL 
POPULATION. HOWEVER, THE OVERALL RISK OF THESE RE- 
ACTIONS IN THE UNTREATED GENERAL POPULATION IS LOW, 
APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULA- 
TION PER YEAR FOR AGRANULOCYTOSIS AND TWO PA- 
TIENTS PER ONE MILLION POPULATION PER YEAR FOR 
APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DE- 
CREASED PLATELET OR WHITE BLOOD CELL COUNTS ARE 
NOT UNCOMMON IN ASSOCIATION WITH THE USE OF 
TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCU- 
RATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, THE 
VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT 
PROGRESSED TO THE MORE SERIOUS CONDITIONS OF 
APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCY- 
TOSIS AND APLASTIC ANEMIA, THE VAST MAJORITY OF MIN- 
OR HEMATOLOGIC CHANGES OBSERVED IN MONITORING OF 
PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL THE OC- 
CURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD 
BE OBTAINED AS A BASELINE. IF A PATIENT IN THE COURSE 
OF TREATMENT EXHIBITS LOW OR DECREASED WHITE 
BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG 


SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIGNIFICANT 
BONE MARROW DEPRESSION DEVELOPS. 


Before prescribing Tegretol, the physician should be thor- 
oughly familiar with the details of this prescribing information, 
particularly regarding use with other drugs, especially those 
which accentuate toxicity potential. 

DESCRIPTION 

Tegretol, carbamazepine USP is an anticonvulsant and specific an- 
algesic for trigeminal neuralgia, available for oral administration as 
chewable tablets of 100 mg, tablets of 200 mg, and as a suspension 
of 100 mg/5 mi (teaspoon). Its chemical name is 5H-dibenz(b.f] 
azepine-5-carboxamide, and its structural formula is 
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| 
CONH> 











Carbamazepine USP is a white to off-white powder. practically 
insoluble in water and soluble in alcohol and in acetone. Its molecu- 
lar weight is 236.27 
Inactive Ingredients. Tablets: Colloidal silicon dioxide, FD&C Red 
No. 3 (chewable tablets only), FD&C Red No. 40 (200-mg tablets 
only), flavoring (chewable tablets only), gelatin, glycerin, magne- 
sium stearate, sodium starch glycolate (chewable tablets only), 
starch, stearic acid, and sucrose (chewable tablets only). Suspen- 
sion: Citric acid, FD&C Yellow No. 6, flavoring, polymer, potassium 
sorbate, propylene glycol, purified water, sorbitol, sucrose, and 
xanthan gum 


CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective 
in the treatment of psychomotor and grand mal seizures, as well as 
trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice 
with electrically and chemically induced seizures. It appears to act 
by reducing polysynaptic responses and blocking the post-tetanic 
potentiation. Tegretol greatly reduces or abolishes pain induced by 
stimulation of the infraorbital nerve in cats and rats. It depresses 
thalamic potential and bulbar and polysynaptic reflexes, including 
the linguomandibular reflex in cats. Tegretol is chemically unrelated 
to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

In clinical studies both suspension and conventional tablet deliv- 
ered equivalent amounts of drug to the systemic circulation. How- 
ever, the suspension was absorbed somewhat faster than the tablet 
Following a b.i.d. dosage regimen, the suspension has higher peak 
levels anc lower trough levels than those obtained from the tablet 


formulation for the same dosage regimen. On the other hand, fol- 
lowing at.i.d. dosage regimen, Tegretol suspension affords steady- 
state plasma levels comparable to Tegretol tablets given b.i.d. when 
administered at the same total mg daily dose. Tegretol chewable 
tablets may produce higher peak levels than the same dose given as 
regular tablets. Tegretol in blood is 76% bound to plasma proteins. 
Plasma levels of Tegretol are variable and may range from 0.5-25 
g/ml, with no apparent relationship to the daily intake of the drug. 
Usual adult therapeutic levels are between 4 and 12 pg/ml. Follow- 
ing chronic oral administration of suspension, plasma levels peak at 
approximately 1.5 hours compared to 4 to 5 hours after administra- 
tion of oral tablets. The CSF/serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own 
metabolism, the half-life is also variable. Initial half-life values 
range from 25-65 hours, with 12-17 hours on repeated doses 
Tegretol is metabolized in the liver. After oral administration of 14C- 
carbamazepine, 72% of the administered radioactivity was found in 
the urine and 28% in the feces. This urinary radioactivity was com- 
posed largely of hydroxylated and conjugated metabolites. with 
only 3% of unchanged Tegretol. Transplacental passage of Tegretol 
is rapid (30 to 60 minutes), and the drug is accumulated in fetal 
tissues, with higher levels found in liver and kidney than in brain 
and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug 
Evidence supporting efficacy of Tegretol as an anticonvulsant was 
derived from active drug-controlled studies that enrolled patients 
with the following seizure types: 
1. Partial seizures with complex symptomatology (psychomotor, 
temporal lobe). Patients with these seizures appear to snow greater 
improvement than those with other types 
2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial 
or generalized seizures 

Absence seizures (petit mal) do not appear to be controlled by 
Tegretol (see PRECAUTIONS, General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the 
pain associated with true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal 
neuralgia 

This drug is not a simple analgesic and should not be used for the 
relief of trivial aches or pains 


Only TEGRETOL 
brand of carbamazepine. 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet 





CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous 
bone marrow depression, hypersensitivity to the drug, or known 
sensitivity to any of the tricyclic compounds, such as amitriptyline, 
desipramine, imipramine, protriptyline, nortriptyline, etc. Like- 
wise, on theoretical grounds its use with monoamine oxidase inhib- 
itors is not recommended. Before administration of Tegretol, MAO 
inhibitors should be discontinued for a minimum of fourteen days, 
or longer if the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug 
may be particularly at risk. 

Severe dermatologic reactions including toxic epidermal nec- 
rolysis (Lyell’s syndrome) and Stevens-Johnson syndrome, have 
been reported with Tegretol. These reactions have been extremely 
rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity; therefore, 
patients with increased intraocular pressure should be closely 
observed during therapy. 

Because of the relationship of the drug to other tricyclic com- 
pounds, the possibility of activation of a latent psychosis and, in 
elderly patients, of confusion or agitation should be borne in mind 


PRECAUTIONS 
General: Before initiating therapy. a detailed history and physical 
examination should be made 

Tegretol should be used with caution in patients with a mixed 
seizure disorder that includes atypical absence seizures, since in 
these patients Tegretol has been associated with increased frequen- 
cy of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk 
appraisal in patients with a history of cardiac, hepatic or renal 
damage, adverse hematologic reaction to other drugs, or inter- 
rupted courses of therapy with Tegretol 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet. it is recom- 
mended that patients given the suspension be started on lower 
doses and increased slowly to avoid unwanted side effects (see 
DOSAGE AND ADMINISTRATION). 
Information for Patients: Patients should be made aware of the 
early toxic signs and symptoms of a potential hematologic prob- 
lem, such as fever, sore throat, rash, ulcers in the mouth, easy 
bruising, petechial or purpuric hemorrhage, and should be advised 
to report to the physician immediately if any such signs or symp- 
toms appear. 


Since dizziness and drowsiness may occur, patients should be 
cautioned about the hazards of operating machinery or automobiles 
or engaging in other potentially dangerous tasks 
Laboratory Tests: Complete pretreatment blood counts, including 
platelets and possibly reticulocytes and serum iron, should be ob- 
tained as a baseline. If a patient in the course of treatment exhibits 
low or decreased white blood cell or platelet counts, the patient 
should be monitored closely. Discontinuation of the drug should be 
considered if any evidence of significant bone marrow depression 
develops. 

Baseline and periodic evaluations of liver function, particularly in 
patients with a history of liver disease, must be performed during 
treatment with this drug since liver damage may occur. The drug 
should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, fun- 
duscopy and tonometry, are recommended since many pheno- 
thiazines and related drugs have been shown to cause eye changes 

Baseline and periodic complete urinalysis and BUN determina- 
tions are recommended for patients treated with this agent because 
of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has 
increased the efficacy and safety of anticonvulsants. This monitor- 
ing may be particularly useful in cases of dramatic increase in 
seizure frequency and for verification of compliance. In addition, 
measurement of drug serum levels may aid in determining the 
cause of toxicity when more than one medication is being used 

Thyroid function tests have been reported to show decreased 
values with Tegretol administered alone 

Hyponatremia has been reported in association with Tegretol 
use, either alone or in combination with other drugs 
Drug Interactions: The simultaneous administration of phenobar- 
bital, phenytoin, or primidone, or a combination of two, produces a 
marked lowering of serum levels of Tegretol. The effect of valproic 
acid on Tegretol blood levels is not clearly established, although an 
increase in the ratio of active 10,11-epoxide metabolite to parent 
compound is a consistent finding 

The half-lives of phenytoin, warfarin, doxycycline, and the- 
ophylline were significantly shortened when administered concur- 
rently with Tegretol. Haloperidol and valproic acid serum levels may 
be reduced when these drugs are administered with Tegretol. The 
doses of these drugs may therefore have to be increased when 
Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cime- 
tidine, propoxyphene, isoniazid, fluoxetine or calcium channel 
blockers has been reported to result in elevated plasma levels of 
carbamazepine resulting in toxicity in some cases. Also, concomi- 
tant administration of carbamazepine and lithium may increase the 
tisk of neurotoxic side effects. 

Alterations of thyroid function have been reported in combination 
therapy with other anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiv- 
ing concomitant oral contraceptives and their reliability may be 
adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Carbamazepine, when administered to Sprague-Dawley rats for two 
years in the diet at doses of 25, 75, and 250 mg/kg/day, resulted in 
a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of 
males 

Carbamazepine must, therefore, be considered to be carcino- 

genic in Sprague-Dawley rats. Bacterial and mammalian muta- 
genicity studies using carbamazepine produced negative results 
The significance of these findings relative to the use of car- 
bamazepine in humans is, at present, unknown. 
Pregnancy Category C: Tegretol has been shown to have adverse 
effects in reproduction studies in rats when given orally in dosages 
10-25 times the maximum human daily dosage of 1200 mg. In rat 
teratology studies, 2 of 135 offspring showed kinked ribs at 250 
mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies 
(cleft palate, 1; talipes, 1; anophthalmos, 2). In reproduction stud- 
ies in rats, nursing offspring demonstrated a lack of weight gain and 
an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant 
women. Epidemiological data suggest that there may be an associa- 
tion between the use of carbamazepine during pregnancy and con- 
genital malformations, including spina bifida. Tegretol should be 
used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus 

Retrospective case reviews suggest that, compared with mono- 
therapy, there may be a higher prevalence of teratogenic effects 
associated with the use of anticonvulsants in combination therapy 
Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be 
discontinued in patients in whom the drug is administered to pre- 
vent major seizures because of the strong possibility of precipitat- 
ing status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and frequency of fhe seizure 
disorder are such that removal of medication does not pose a seri- 
ous threat to the patient, discontinuation of the drug may be con- 
sidered prior to and during pregnancy, although it cannot be said 
with any confidence that even minor seizures do not pose some 
hazard to the developing embryo or fetus 


Labor and Delivery: The effect of Tegretol on human labor and 
delivery is unknown 


Nursing Mothers: During lactation, concentration of Tegretol in 
milk is approximately 60% of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing 
infants from carbamazepine, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children below the age of 


Tegretol® carbamazepine USP 


6 years have not been established. 


ADVERSE REACTIONS 

If adverse reactions are of such severity that the drug must be 
discontinued, the physician must be aware that abrupt discontinua- 
tion of any anticonvulsant drug in a responsive epileptic patient 
may lead to seizures or even status epilepticus with its life- 
threatening hazards. 

The most severe adverse reactions have been observed in the 
hemopoietic system (see boxed WARNING), the skin and the car- 
diovascular system. 

The most frequently observed adverse reactions, particularly 
during the initial phases of therapy, are dizziness, drowsiness, un- 
Steadiness, nausea, and vomiting. To minimize the possibility of 
such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell's syndrome) (see WARNINGS). Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
Continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
Cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established. 

Digestive System: Nausea, vomiting. gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Eyes: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: Isolated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 






Indication 










Epilepsy 
6-12 years of age 






100 mg b.i.d. 


(200 mg/day) (200 mg/day) 






Over 12 years of age 200 mg b.i.d 


(400 mg/day) 


1 teaspoon q.i.d. 
(400 mg/day) 







Trigeminal Neuralgia 100 mg b.i.d. on 
the first day 


(200 mg/day) 
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challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5 g (3-year-old girl). 

Oral LD in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025; rabbits, 1500-2680; guinea pigs, 920. 

Signs and Symptoms 

The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: Irregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperreflexia, followed by 
hyporeflexia. 

Gastrointestinal Tract: Nausea, vomiting. 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: \solated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
Sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
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Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: \f evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be helpful as follows: (1) white 
cell and platelet antibodies, (2) 58Fe—ferrokinetic studies, (3) pe- 
ripheral blood cell typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
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A fully developed aplastic anemia will require appropriate, inten- 
Sive monitoring and therapy, for which specialized consultation 
should be sought. 
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LETTERS TO THE EDITOR 





—— 


Geographic Opinions on 
Speech Impairment in 
Myasthenia Gravis 





To the Editor. —During last year, I sent 
to three medical journals a short re- 
port of a case describing a woman 
whose first and isolated symptom of 
her myasthenia gravis (MG) was, for 
some weeks, intermittent and short- 
lasting difficulty in pronouncing the 
r sound. I stressed that no previous 
reports on such a peculiar speech dis- 
turbance as the early symptom of MG 
have been previously published. I 
suggested that this speech distur- 
bance was due to the greater strength 
needed by the tongue muscles to pro- 
nounce r sounds in Italian. The manu- 
script was rejected by all journals. I 
think this is probably right since my 
observation was not interesting 
enough to be published in such pres- 
tigious journals. More interesting 
were referees’ comments, as given 
verbatim below. 


Journal 1.—“To assist in the review, 
without violating confidentiality, I asked 
several clinicians (both speech patholo- 
gists and neurologists) about their expe- 
rience with the first presenting speech 
symptoms in patients with myasthenia 
gravis (MG). The author suggests that 
difficulty with 'r’ might be an early symp- 
tom of MG based on a single case pre- 
senting with this complaint prior to a 
positive Tensilon test. This is not typical 
of the earliest speech problems usually 
seen with tongue muscle weakness in 
English. However, as the author sug- 
gests, the 'r’ and 'l’ sounds in Italian dif- 
fer from English. In fact, in Italian both of 
these sounds are prolonged in compari- 
son to their production in English and 
therefore may take greater strength to 
produce than in English. In English- 
speaking patients most clinicians said the 
first changes usually are increased nasal- 
ity due to velar weakness and distortion 
of 's’ sounds, although I do not know of 
any definitive study on this in the litera- 
ture. Since the nasality distinction is sim- 
ilar in the two languages, it is curious that 
the author does not mention increased 
nasality in his patient or any of the other 
patients he contacted. 

Most persons I spoke with questioned 
making a diagnosis of MG based only on 
a positive Tensilon test. Some other evi- 
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dence that this patient had MG was rec- 
ommended. 

Finally the author indicates that 46 
other cases of MG were surveyed and 
that two reported difficulties in pro- 
nouncing 'r’ and ‘I’ sounds as their first 
symptoms. What other speech sounds 
were reported impaired early in the dis- 
ease by the other 44 patients? Such infor- 
mation would be useful in identifying 
whether other sounds are more com- 
monly affected early in MG.” 

Journal 2.—“The fact that the tongue is 
commonly involved early in myasthenia 
gravis, and hence that the lingual speech 
sounds may be selectively affected, is 
well known, certainly in Scotland where 
the rolling 'r’ sound is regarded as a na- 
tional characteristic. Publication not rec- 
ommended.” 

Journal 3.—“I have made this observa- 
tion several times. It has not been previ- 
ously recorded in the literature probably 
because it is familiar to many clinicians. 
Publication of this case report would not 
add to the knowledge of the neurological 
community. Therefore this paper should 
be rejected.” 


As one can see, opinions on speech 
impairment of MG change among En- 
glish-speaking peoples, according to 
the side of the Atlantic Ocean. I think 
that it is not trivial to stress that an 
intermittent difficulty in pronounc- 
ing peculiar sounds, like an intermit- 
tent diplopia, may be the presenting 
symptom of MG allowing early di- 
agnosis. However, it is certainly a 
curious example, based on my “ex- 
perimental” evidence, of a neurologic 
disease whose speech symptoms may 
change according to geographic area. 
It would be interesting to discover 
which sounds are primarily affected 
in MG around the world. 

ROBERTO D’ALESSANDRO, MD 
Neurological Institute 
University of Bologna 

Via U. Foscolo 7 

40123 Bologna, Italy 


The Upgoing Thumb Sign 


To the Editor.—I have noticed that pa- 
tients with corticospinal tract involve- 
ment of the upper limb when asked 
to extend their arms, palms facing 
each other, display an upgoing thumb 
sign as shown in the Figure. 
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This sign has similar significance 
to an upgoing toe with corticospinal 
tract involvement of the lower limb.' 

VLADIMIR HACHINSKI, MD, 
DsC(MED) 

Department of Clinical 
Neurological Sciences 
The University of Western 

Ontario 
University Hospital 
PO Box 5339 
London, Ontario 
Canada N6A 5A5 


1. Babinski J. Sur le réflexe cutané plantaire 
dans certaines affections organiques du sys- 
téme nerveux central. Compt Rend Seanc Soc 
Biol. 1896; 48:207-208. 


Stutterers and Cerebral 
Blood Flow 


To the Editor.—Pool et al’ state that 
“Stuttering is a neurogenic disorder 
involving recognized cortical regions 
of speech-motor control.” These au- 
thors have earlier made substantial 
contributions to the literature on stut- 
tering. However, we have major res- 
ervations regarding their current ar- 
ticle and respectfully ask that they 
clarify several issues. 

They select 78 age-matched control 
subjects from an earlier control group, 
consisting of 97 subjects.” That initial 
study compared absolute regional ce- 
rebral blood flow values for homol- 
ogous regions of interest (ROIs) and 
observed that flow values were sig- 
nificantly greater in the right than in 
the left hemisphere, for “temporal, 


Letters to the Editor 


LETTERS TO THE EDITOR 








occipital, central, and hemispheric 
regions.”*P”) However, their current 
control group, taken from that initial 
larger control group, has a totally op- 
posite finding for ROI (superior and 
middle temporal regions).! What is 
the reason that the two control 
groups, which overlap with one an- 
other, have opposite findings in dif- 
ferent experiments? What does this 
imply about the validity of the mea- 
sure? We are certain that the authors 
have good rationale for excluding 
those 19 subjects (from 97 to 78). Since 
these exclusions change the “lateral- 
ity” of the control group, this ratio- 
nale should be made explicit. 

We do not understand how rela- 
tive flow measures were computed 
in the current investigation. They 
state, “flow values from ROI analysis 
were then normalized by dividing 
each region by the average flow to 
that hemisphere for both patients and 
78 normal control subjects.” 1510 Is 
the ratio obtained by dividing flow to 
each region by the average flow to 
the hemisphere for that particular in- 
dividual patient (which makes phys- 
iologic sense) or is it obtained by di- 
viding flow to each region by the av- 
erage flow to that hemisphere for all 
the patients as well as all the control 
subjects (does not make physiologic 
sense)? This needs to be clarified. 

The relative flow measure in stut- 
terers is computed with reference to 
the median asymmetry score of the 
control subjects. This strategy declares 
that 50% of the control subjects have 
right more than left asymmetry, or 
vice versa, irrespective of the actual 
asymmetry score. In other words, 
some subjects who actually have 
greater blood flow to an ROI in one 
hemisphere may be declared as hav- 
ing greater blood flow to the opposite 
ROI. Would their results be differ- 
ent if the asymmetry values for 
the two groups are compared di- 
rectly with due regard to direction 
of asymmetry and magnitude of 
asymmetry? 

Associating stuttering dysfluency 
with cortical dysfunction is most ef- 
fective in studies that involve sub- 
jects speaking. In the current study, 
the authors obtained regional cere- 
bral blood flow values from subjects 
who were resting and silent. One 
cannot presume that the results of 
this study address issues of imme- 
diate cortical antecedents of the 
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stuttering event, as the authors 
seem to imply. 
NAGALAPURA S. VISWANATH, 
PHD 
DAVID B. ROSENFIELD, MD 
HARVEY B. NUDELMAN, PHD 
Stuttering Center Speech 
Motor Control Laboratory 
Department of Neurology 
Baylor College of Medicine 
Houston, TX 77030 


1. Pool KD, Devous MD, Freeman FJ, et al. 
Regional cerebral blood flow in developmen- 
tal stutterers. Arch Neurol. 1991;48:509-512. 

2. Devous MD, Stokely EM, Chehabi HH, 
Bonte FJ. Normal distribution of regional ce- 
rebral blood flow measured by dynamic 
single-photon emission tomography. J Cereb 
Blood Flow Metab. 1986;6:95-104. 


In Reply. —We appreciate the interest 
in our article’ shown by Viswanath 
and his colleagues and welcome the 
opportunity to respond to their com- 
ments. Their first concern is based on 
comparison of findings for normal 
control subjects in our study! with 
findings reported by Devous et al.? 
Viswanath et al suggest that inter- 
hemispheric flow differences for the 
normal subjects in these studies are 
opposite for superior and middle tem- 
poral regions of interest (ROIs). We 
are confused by this statement. 
Within-group interhemispheric flow 
differences for normal control sub- 
jects were not reported by Pool et al.! 
However, examination of flow val- 
ues summarized in Table 1 of that 
article shows that the pattern of in- 
terhemispheric difference for normal 
control subjects is, in fact, similar to 
the pattern of differences reported by 
Devous et al? in their Table 4. 
Questions concerning the validity 
of the measure and differences in sub- 
ject sample size are predicated on a 
false assumption and are, therefore, 
irrelevant. However, lest our col- 
leagues think we are engaged in an 
insidious manipulation of our data, 
we should add that our rationale for 
excluding 19 control subjects from the 
current sample is quite straightfor- 
ward. Devous and his colleagues con- 
ducted an internal review of their nor- 
mative database after publication of 
the 1986 article referred to by 
Viswanath et al. During this review, 
they identified 19 subjects whose 
screening evaluation did not provide 
adequate information for inclusion 
into this study’s control group. Con- 
sequently, these 19 subjects were 


eliminated from their database. 
Viswanath et al are justified in their 
confusion over our description of the 
procedures for calculating normalized 
flow values. We, in fact, computed 
the ratio in the (physiologically sen- 
sible) manner they suggest, that is, 
flow value to each ROI in a hemi- 
sphere in an individual subject was 
divided by the flow value for that 
hemisphere in that subject —we apol- 
ogize for the ambiguous wording. 
Viswanath et al then question our 
use of median flow values for the 
normal control subjects as a basis for 
determining relative flow asymme- 
try in the stutterers. They suggest 
that “this strategy declares that 50% 
of the control subjects have right more 
than left asymmetry, or vice versa, 
irrespective of the asymmetry score.” 
In fact, this strategy declares that ex- 
actly 50% of control subjects will show 
more right minus left asymmetry than 
the median. In contrast, 100% of stut- 
tering subjects were below median in 
the anterior cingulate and/or middle 
temporal gyrus. However, the statis- 
tical comparisons between groups 
were based on the mean (not median) 
asymmetry scores, using multiple 
measure corrected f tests. These com- 
parisons show differences between 
the two groups with regard to direc- 
tions and magnitude of asymmetry. 
Viswanath et al suggest that “As- 
sociating stuttering dysfluency with 
cortical dysfunction is most effective 
in studies that involve subjects speak- 
ing.” In the late 1970s, there was a 
strong belief that activation tasks 
could reveal abnormalities; however, 
it has become apparent that task de- 
sign is critical and, specifically, de- 
signs must include a control task for 
comparison to the stimulation/activa- 
tion task. Without this intermediate 
step between resting and activation, 
these studies are virtually uninter- 
pretable. In the literature on stutter- 
ing, for example, Wood et al? con- 
ducted an rCBF investigation of two 
subjects reading a prose passage be- 
fore and after treatment with halo- 
peridol. However, there is no discus- 
sion of effects of eye movement, cog- 
nition, hand movement, or medica- 
tion on results obtained. The article 
by Wood et al’ highlights the meth- 
odologic difficulty of conducting ac- 
tivated rCBF studies. We are in the 
process of designing appropriate ac- 
tivated studies. While we agree that, 
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in theory, activation studies may pro- 
vide information regarding the func- 
tion and/or dysfunction of neural sub- 
strates of speech motor control, we 
would not discard the enormous body 
of information about localization of 
speech and language and the congru- 
ency of this information to our results. 
Finally, Viswanath et al caution that 

“one cannot presume that the results 
of this study address issues of imme- 
diate cortical antecedents of the stut- 
tering event, as the authors seem to 
imply.” Our review of the discussion 
reveals no mention of “cortical ante- 
cedents of the stuttering event.” In 
fact, no discussion of stuttering 
“events” appears in the results or 
comments sections of the article. Such 
a discussion would be inappropriate 
given that our findings were obtained 
when subjects were at rest. Instead, 
we attempt to bring together avail- 
able electrophysiologic and rCBF data 
on related acquired and developmen- 
tal disorders to provide a framework 
for interpretation of our findings. We 
summarize our findings as “prelim- 
inary evidence for cortical dysfunc- 
tion in stutterers . . .'®™ and con- 
clude our discussion with the caveat 
emptor that these results represent 
an “exploratory data analysis,” which 
requires confirmatory research. We 
believe that, in conjunction, our find- 
ings provide a strong argument for 
the existence of a functional impair- 
ment in the brain regions subserving 
speech and language. If Viswanath et 
al choose to interpret these as sequelae 
rather than as productive, we cannot 
argue to the contrary; however, a pro- 
ductive hypothesis is more consistent 
with the principle of Occam’s razor. 

KENNETH D. POOL, MD 

TERESE FINITZO, PHD 

Neuroscience Center 

Methodist Medical Center 

PO Box 655999 

Dallas, TX 75265 


MICHAEL D. DEvOUS, SR, PHD 
FRANCES J. FREEMAN, PHD 
University of Texas 
Southwestern 

Medical Center 
5323 Harry Hines Blvd 
Dallas, TX 75235-9035 


BEN C. WATSON, PHD 
University of Texas at Dallas 
Callier Center 

1966 Inwood Rd 

Dallas, TX 75235 
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Pupil-Sparing Oculomotor 
Palsy due to Midbrain 
Infarction 


To the Editor.—The recent article by 
Breen et al! entitled “Pupil-Sparing 
Oculomotor Nerve Palsy due to Mid- 
brain Infarction” was very informa- 
tive and interesting. We present an- 
other case of painless, isolated, ocu- 
lomotor nerve palsy resulting from 
midbrain infarction to underline an- 
other important clinical point. 


Report of a Case.—A 62-year-old man 
presented with abrupt onset of ptosis and 
limitation of extraocular movements of 
the left side. The patient had no headache 
or any other neurologic symptoms asso- 
ciated with it. He had a previous history 
of congestive cardiac failure, severe coro- 
nary artery disease, and myocardial in- 
farction, but there was no history sug- 
gestive of any previous cerebrovascular 
accident. The patient's examination dem- 
onstrated near complete, pupil sparing, 
isolated left oculomotor nerve palsy. The 
patient did not show any weakness in left 
abducent or left trochlear nerve distribu- 
tion. The rest of his examination was un- 
remarkable. The magnetic resonance im- 
aging of his brain demonstrated left 
midbrain infarction (Figure). Another 
magnetic resonance imaging of the head 
done 2 years ago had shown no lesion in 
the midbrain, thereby indicating that his 
left midbrain infarction was recent and, 
hence, was most likely the cause of his 
symptoms. Because of his previous car- 
diac history, an echocardiogram was 
done that demonstrated a mural throm- 
bus in the left ventricle. The hyperacute 
onset of the patient’s symptoms and dem- 
onstration of the mural thrombus in the 
left ventricle of the heart suggested that 
emboli from this mural thrombus was the 
most likely cause of this MRI-documented 
midbrain infarction in the patient. 


This case tends to support the con- 
clusion of Breen et al' that an ischemic 
midbrain lesion should be considered 
in the differential diagnosis of pupil- 
sparing oculomotor nerve palsy. Our 





Magnetic resonance imaging of the patient 
demonstrating infarction in the left mid- 
brain area. 


case further demonstrates that the 
midbrain ischemic infarction causing 
isolated pupil-sparing oculomotor 
nerve palsy can result from an embolus 
from a mural thrombus from the heart. 
Therefore, in the patients with a previ- 
ous cardiac history it may be appropri- 
ate to evaluate these patients for any 
source of emboli from the heart by per- 
forming an echocardiogram. 
PARVEEN KUMAR, MD 
IFTEKHAR AHMED, MD 
2900 Baltimore, Suite 320 
Kansas City, MO 64108 


1. Breen LA, Hopf HC, Farris BK, Gutman L. 
Pupil-sparing oculomotor nerve palsy due to 
midbrain infarction. Arch Neurol. 1991;48: 
105-106. 


Where Is the Lesion 
in Allochiria? 


To the Editor.—The article by Meador 
and coworkers! that appeared in the 
May 1991 issue of the ARCHIVES 
clearly demonstrates the disservice to 
the understanding of neural pro- 
cesses that may result from psy- 
chogenic interpretations of uncom- 
mon neurologic observations. Even 
though the mechanisms underlying 
allochiria remain unknown, the au- 
thors’ recommendation of a return to 
the original 19th-century definitions 
for these two terms is well taken. A 
recent case that we observed offers 
some additional information about 
this unique phenomenon. 


Report of a Case. —A 47-year-old woman 
was brought to the emergency depart- 
ment because of altered mental status. 
She had suffered two episodes of “shak- 
ing all over” approximately 30 minutes 
earlier. Her medical history was remark- 
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able for insulin-dependent diabetes melli- 
tus, witha recent admission for hypoglyce- 
mia, and intravenous drug abuse. There 
was no history of prior seizure disorder. 

Physical examination showed tachy- 
cardia, tongue lacerations, and needle 
tracks on the volar surfaces of both arms. 
The patient was lethargic; continuous 
voice stimulation was needed to keep her 
awake. Verbal output consisted of unin- 
telligible syllables, and she failed to fol- 
low commands. Muscle tone was dif- 
fusely decreased with little spontaneous 
movement of the left upper or lower ex- 
tremity. She used her right extremities to 
oppose the examiner. With painful stim- 
uli, the patient consistently localized ev- 
ery stimulus applied on the left side of her 
body to the exactly corresponding part of 
the body on the right side. When pain 
was applied to the left knee, for example, 
she would moan, grimace, and then rub 
her right knee with her right hand. The 
deep tendon reflexes were increased on 
the left side, and the plantar responses 
were extensor bilaterally. 

A computed tomographic scan of the 
head showed a nonenhancing area of 
edema in the right perisylvian cortex. 
Two electroencephalograms showed 
right occipital spike and slow wave com- 
plexes with paroxysmal delta activity 
over the right parieto-occipital deriva- 
tions. Carotid duplex studies showed bi- 
lateral common carotid plaques. 

By the following day, there was only 
minimal left-sided weakness, and the pa- 
tient could accurately localize stimuli on 
the left side. She told of visual hallucina- 
tions and difficulty finding her way in the 
hospital ward. The spatial disorientation 
remained following her discharge; she re- 
ported difficulties locating the proper 
room in her home and would lose her way 
driving in her own neighborhood. 


The finding of allochiria as a post- 
ictal phenomenon associated with 
Todd’s paralysis on the same side of 
the body suggests that the responsi- 
ble lesion involves cortex. In this 
patient, an infarct was suspected. 
Localization to the right parieto- 
occipital cortical area can be surmised 
both from the diagnostic studies and 
from the presence of environmental 
agnosia that persisted.’ 

ROSABEL R. YOUNG, MD 
CIGNA Healthplans 
Department of Neurology 
1711 W Temple St 

Los Angeles, CA 90026 
D. FRANK BENSON, MD 
UCLA Medical Center 
Department of Neurology 
710 Westwood Plaza 

Los Angeles, CA 90024 
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Weight Loss in 
Huntington’s Disease 


To the Editor. — The article by Myers and 
coworkers! presented interesting ob- 
servations on Huntington’s disease 
progression and its relationship to sev- 
eral clinical variables. Specifically, the 
authors found significant associations 
between progression rate and age at 
onset and body weight (body mass in- 
dex) at initial examination; fatter pa- 
tients or late-onset patients deteriorated 
slower. The authors refrain from of- 
fering a biological explanation, but we 
think that the following might be con- 
sidered. Recently, we? described se- 
lective neuronal loss in the hypotha- 
lamic lateral tuberal nucleus (NTL) of 
patients with Huntington’s disease.” 
The log-transformed number of re- 
maining NTL neurons was closely cor- 
related with age at onset of the disease 
(n= 16; r=.78; P<.001).° The function 
of this nucleus, situated in the tuberal 
part of the lateral hypothalamus, is un- 
known. In rodents, the lateral hypo- 
thalamic area (LHA) is involved in a 
large variety of behavioral and meta- 
bolic functions, eg, in the regulation of 
feeding and energy metabolism (for a 
review, see reference 4). The anatomy 
of the LHA of nonprimates is different 
from that of higher primates. In ro- 
dents, the entire LHA is occupied by 
the medial forebrain bundle, with in- 
terspersed neurons; the NTL cannot 
be recognized in these animals. In pri- 
mates, a well-delineated NTL, a cyto- 
logically distinct tuberomamillary nu- 
cleus, anda dorsally placed medial fore- 
brain bundle are distinct structures. 
Homologies between neuronal 
populations in the LHA of nonpri- 
mates and the primate NTL are un- 
certain, because immunocytochemi- 
cal markers for NTL neurons are not 
yet available. Yet several clinical case 
reports” describe anorexialike states 
with severe weight loss in patients 
with lesions involving the lower part 
of the lateral hypothalamus, proba- 
bly the NTL. We hypothesize that the 
NTL is entwined in a network of 
structures involved in the regulation 
of feeding and weight and that 





weight loss in the course of Hunting- 
ton’s disease is the expression of NTL 
pathology. As the loss of NTL neu- 
rons is a function of the age at onset 
of the disease,* which, in its turn, is 
related to disease progression, it can 
be understood that body weight is re- 
lated to disease progression. 

H. P. H. KREMER, MD 

R. A. C. Roos, MD 

Department of Neurology 

Academic Hospital 

Rijnsburgerweg 10 

2333 AA Leiden 

The Netherlands 
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Clinical Decision Making 
in Severe Brain Injury 


To the Editor.—The recently published 
findings of the Traumatic Coma Data 
Bank’ (TCDB) have significant implica- 
tions for clinical decision making in se- 
vere brain injury, particularly the ob- 
servations that 52% of patients who 
were diagnosed as being in a vegeta- 
tive state (VS) at approximately 1 
month after trauma “recovered con- 
sciousness” by 1 year and that there 
were no good predictors of status at 1 
or 3 years among this subset of VS pa- 
tients. These observations have direct 
implications for the American Acad- 
emy of Neurology (AAN) Position 
Statement on persistent VS.? First, 
there is a risk of erroneously applying 
the AAN “1 to 3 months” criterion for 
diagnosis of persistent VS to traumat- 
ically brain-injured patients, simply 
because no other guidelines are pro- 
vided in the position statement. How- 
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ever, as stated in the AAN report, 
these guidelines refer to “cases of 
hypoxic-ischemic encephalopathy.” 
As Levin and colleagues! have indi- 
cated, the clinical and pathophysio- 
logic characteristics of hypoxia/ 
ischemia are distinct from those of 
traumatic brain injuries, illustrated by 
the contrast between the TCDB find- 
ings and the results of earlier studies? 
with broader inclusion criteria. For the 
same reasons, the results of positron- 
emission data collected primarily on 
hypoxic-ischemic patients in VS, al- 
luded to in the AAN statement, may 
not be generalizable to the traumati- 
cally brain-injured population. Sec- 
ond, in the TCDB study, neither clin- 
ical observation nor laboratory studies, 
the primary bases for diagnosis recom- 
mended in the AAN statement, pre- 
dicted which of the patients in VS at 
discharge would recover the ability to 
follow commands on the long term. 
Third, the majority of the AAN state- 
ment concerns the ethical, moral, and 
medical issues related to the with- 
drawal of nutrition/hydration from VS 
patients of all causes, based on as- 
sumptions that may be called into 
question by the TCDB report, eg, that 
patient status at 1 to 2 months predicts 
status at 1 to3 years. The incorporation 
of the TCDB data into the AAN Posi- 
tion Statement would provide more in- 
formative guidelines for the assess- 
ment and treatment of severely brain- 
injured patients. 

LYN S. TURKSTRA, MA 

Department of Speech and 

Hearing Sciences 
University of Arizona 
Tucson, AZ 85721 
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The Meaning of 

Sherlock Holmes 

To the Editor. —The case of Mr Sher- 
lock Holmes, recently re-reported in 


the ARCHIVES,' can rightfully be re- 
garded as part of general medical 
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lore.™* The very nature of Holmes’ 
mythical immortality forever pre- 
cludes completeness of the second- 
ary literature. We, therefore, feel jus- 
tified to add a note to the contribution 
of Westmoreland and Key.' They re- 
stated the special relationship of the 
great detective to neurology by point- 
ing out the many nervous affections 
in his cases (see also Cherington’). 

Still, in our opinion, it is Holmes’ 
method, his “science of deduction,”* 
that deserves the most interest. Like 
Voltaire’s Zadig, Poe’s Dupin, Eco’s 
William of Baskerville, and, of course, 
Drs Joseph Bell and Charles S. Peirce 
(calling the method “abduction”’), 
Holmes belongs to those who “read 
the book of nature.” A remarkable 
amount of thinking has been devoted 
to this modus operandi by semiotics, the 
science of sign reading.‘ Yet the signs 
of nature need to be recognized as such 
before they can be deciphered (com- 
pare Klawans’). As Holmes explains to 
Watson (and Baskerville to Adson), 
“You have not observed. And yet you 
have seen. That is just my point.”° 

What is it that physicians have in 
common with Holmes’ as he tackles 
this central question of how data turn 
into “signs”? His magnifying lens 
symbolizes the seemingly unbiased, 
systematic scrutiny. Also, encyclope- 
dic knowledge and past experience 
seem fundamental—Holmes’ mono- 
graphs and his collections, eg, of crim- 
inal cases: “I have made a special study 
of cigar ashes . . . I flatter myself that 
I can distinguish at a glance the ash of 
any known brand either of cigar or of 
tobacco.”° On the other hand, there is 
also the permanent readiness to accept 
data as enigmatic, as meaningful, asin- 
dicative of other realities, and in need 
of interpretation. 

It is quite difficult here to draw a 
clear boundary to the realms of para- 
noid divination. Holmes’ use of co- 
caine now seems much less surpris- 
ing. Some authors have spoken of 
mere guesswork and have even 
called the detective’s method a 
“mythod.”* Do the approaches of 
Holmes and Bell to criminal, respec- 
tively medical detection then really 
deserve the attribute of “scientific”? 

In fact, Holmes does validate the 
conclusions that he arrives at. He 
makes use of educated guesses and 
of chances that his prepared mind 
seizes. The criminals whose charac- 
ter and identity he has reconstructed 


from signs are lured into his office at 
221B Baker Street by clever newspa- 
per advertisements. Similarly, how- 
ever biased and preoccupied, in a 
strict sense, our reading of neuro- 
logic signs may be, we often seem to 
detect responsible culprits. 

In concluding, we would like to 
point out that the “deductions” pro- 
vided in the March 1991 issue of the 
ARCHIVES should be complemented by 
the “observation” that May 4, 1991, has 
marked the hundredth anniversary of 
Sherlock Holmes’ lethal fight with Pro- 


fessor Moriarty, “the Napoleon of + 


crime” (see also Wiggins’). 
ADRIAN DANEK, MD 
CHRISTOPH HELMCHEN, MD 
KAI BOTZEL, MD 
Department of Neurology 
Ludwig-Maximilians- 

Universitat 
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In Reply. —We thank Danek and col- 
leagues for their comments regarding 
Sherlock Holmes, and we agree that 
the Holmes method of deduction is 
one of the most important features of 
the Holmes story. As mentioned in the 
article “The Scientific Holmes” by Ro- 
din and Key,' part of the “Holmesian 
reasoning” is “not only looking, but 
actually consciously observing and 
thinking about what one is seeing” and 
“stressing the relationship between the 
patience to observe minutely and the 
knowledge to interpret such findings.” 

BARBARA F. WESTMORELAND, 

MD 

JACK D. Key, MS 

Department of Neurology 

Mayo Clinic 

Rochester, MN 55905 
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he six new cases and review of 
the literature concerning “ac- 
quired aphasia with convulsive dis- 
order” by Paquier et al! constitute a 
useful benchmark in the 3.5-decade 
history of this clinical phenome- 
non. From the personal perspec- 
tive of attaining three score and 
seven and the condition of Status 
Eponymicus, I can find no basis for 
ego gratification. The new observa- 
tion of continuing paroxysmal elec- 
troencephalographic activity during 
sleep in some patients complies with 
our early suggestion’ that “persistent 
convulsive discharge in brain tissue 
largely concerned with linguistic 





See also p 354. 





communication results in the func- 
tional ablation of these areas for nor- 
mal linguistic behavior.” There is no 
convincing evidence that prednisone 
or any other pharmaceutical agent 
contributes surely to clinical im- 
provement. 

Here is a condition of variable and 
really unpredictable prognosis, of 
unknown cause, and for which we 
have no convincing evidence of em- 
pirically effective therapy. Every ma- 
jor neurologic center sees one to sev- 
eral cases a year. Surely the time is 
ripe to call for a tightly organized 
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interinstitutional and, if possible, 
international study. The primary 
questions to be tackled concern 
(1) etiology, (2) pathological physiol- 
ogy, (3) rational therapy (based on 
knowledge of etiology), and (4) em- 
pirical therapy (not quite so rational). 
In regard to etiology, the two broth- 
ers in the first? of the two previous 
articles™ constitute, I believe, the 
only familial incidence in the litera- 
ture. Nevertheless, the possibility of 
genetic liability cannot be rejected. 
Elementary genetic linkage analyses 
could be assayed in a large number of 
patients already on the books who 
are long-term survivors. There is also 
complete absence of epidemiologic 
data of every sort in regard to geog- 
raphy, infectious disease, toxins, nu- 
trition, or environmental exposures. 

The first step must be a collective 
agreement about the clinical diag- 
nostic criteria. At the outset, I sub- 
mit that these criteria should be 
very narrow. Borderline variants of 
the condition surely occur, but I 
believe that they should be ex- 
cluded from the first effort research 
protocol in order to maximize the 
significance of correlative studies. 
All participants must agree to enlist 
available patients into agreed-upon 
diagnostic studies, both old- 
fashioned and newfangled, as in- 
telligence may occur. 





Landau-Kleffner Syndrome 


An Eponymic Badge of Ignorance 


Randomization and, if possible, 
double-blind therapeutic studies are 
essential. There should be little eth- 
ical hang-up where no proven ther- 
apy exists. Reasonable therapeutic 
research protocols might offer com- 
petitive treatments, eg, different an- 
ticonvulsant medications. One may 
note that there was no strong reason 
to believe a priori that valproate so- 
dium would be a more effective 
agent for the juvenile myoclonic ep- 
ilepsy syndrome than any other an- 
ticonvulsant. 

Just as Schilder’s disease has be- 
come a more intellectually gratifying 
illness called adrenoleukodystrophy, 
Frank Kleffner and I hope that an or- 
ganized research effort may spare 
the next generation of pediatric neu- 
rologists from the useless chore of 
recalling our names. 


WILLIAM M. LANDAU, MD 
St Louis, Mo 


References 

1. Paquier PF, Van Dongen HR, Loonen 
MCB. The Landau-Kleffner syndrome or ‘ac- 
quired aphasia with convulsive disorder’: 
long-term follow-up of six children, and re- 
view of the recent literature. Arch Neurol. 
1992; 49:354-359. 

2. Landau WM, Kleffner FR. Syndrome of 
acquired aphasia with convulsive disorder 
in children. Neurology. 1957;7:523-530. 

3. Mantovani JR, Landau WM. Acquired 
aphasia with convulsive disorder: course 
and prognosis. Neurology. 1980;30:524-529. 





Editorial 353 


Original Contribution 





The Landau-Kleffner Syndrome or ‘Acquired 
Aphasia With Convulsive Disorder’ 


Long-term Follow-up of Six Children and a Review of the Recent Literature 


Philippe F. Paquier, MA; Hugo R. Van Dongen, PhD; M. Christa B. Loonen, MD 


© We present six patients with acquired aphasia with con- 
vulsive disorder (Landau-Kleffner syndrome) and distill the 
main clinical features from a review of the recent literature. 
Our series showed that the clinical picture can vary at on- 
set, as well as during the course of the illness, and that the 
long-term outcome of the aphasia is quite unpredictable, 
despite the fact that epilepsy and electroencephalographic 
abnormalities usually regress or disappear with the years. 
We also call attention to the electroencephalographic phe- 
nomenon of electrical status epilepticus during slow sleep, 
and we suggest that the course of the aphasia may well be 
linked to the appearance and disappearance of electrical 
status epilepticus during slow sleep. Therefore, we recom- 
mend a sleep electroencephalogram in all children with 
Landau-Kleffner syndrome. Finally, our findings did not 
demonstrate the beneficial effect of treatment with anti- 
convulsants on the aphasia, but recent studies have shown 
that treatment with corticosteroids, whether combined 
with anticonvulsants, is effective. 
(Arch Neurol. 1992;49:354-359) 


T" Landau-Kleffner syndrome (LKS) or “acquired 
aphasia with convulsive disorder”? is a rare type of 
language disorder that is mostly associated with hetero- 
geneous epileptic manifestations and generalized bilat- 
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eral synchronous spike-wave (SW) activity on an electro- 
encephalogram (EEG)’; it is also seen in those children 
who do not have any clinical seizures.* The original 
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description of LKS in 1957 by Landau and Kleffner' can 
still be considered essential with regard to the clinical 
picture. Although LKS is assumed to be a very unusual 
condition, more than 160 cases have been reported from 
1957 through 1990. This means that LKS has been 
described more frequently than any other type of acquired 
childhood aphasia. Despite the great number of case 
studies, the pathogenesis remains unclear. 


THE CLINICAL PICTURE 


Landau-Kleffner syndrome occurs in children who 
achieved developmental milestones at appropriate ages. 
The first manifestation of the language disturbance often 
is an apparent “word deafness.”*° The parents report a 
gradual inability to respond to their calls because raising 
their voices is ineffective. As a rule, however, medical 
evaluation includes a normal audiogram. The word deaf- 
ness can progress to a total unresponsiveness to oral 
communication, while expressive language and vocabu- 
lary deteriorate progressively. The children express them- 
selves in a telegraphic style or in very simple sentences, 
but in some cases, fluent aphasia® or jargon’*” has also 
been observed. In most cases, LKS occurs before the chil- 
dren have learned reading and writing, but older children 
who have (partially) acquired these skills can lose them.° 

Besides the aphasia, extended neuro(psycho)logic ex- 
amination can sometimes disclose mild forms of apraxia.* 
Long-term follow-up studies have shown that intellectual 
deterioration is not always a concomitant sign.” 


EPILEPTIC MANIFESTATIONS 


Although the EEG is always abnormal, clinical seizures 
do not occur in all children. In a review of the literature," 
seizures were mentioned in 80% of the cases. The epilep- 
tic manifestations are heterogeneous, and the frequency 
of seizures is quite variable. Generalized seizures with 
predominantly motor components are most frequently 
observed.” In most cases, treatment with anticonvulsants 
is effective. Mantovani and Landau’ reported that none of 
their patients continued to have seizures. 


EEG ABNORMALITIES 


The paroxysmal EEG abnormalities reported in LKS 
may vary: bilateral independent temporal or temporopa- 
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rietal spikes, bilateral 1- to 3-Hz SW activity maximal over 
the temporal regions, generalized sharp waves or SW 
discharges, and multifocal or unilateral spikes.!* Some 
authors'** have suggested a consistent relationship be- 
tween the course and the prognosis of the language dis- 
order on the one hand, and the frequency and severity of 
seizures and EEG abnormalities on the other; others!!!’ 
have expressed a different view. In the opinion of Holmes 
et al,*°) “The EEG abnormality in this syndrome is an 
epiphenomenon of underlying pathology of brain areas 
concerned with speech rather than a cause of the speech 
abnormality.” Nakano et al” assumed that electrophysi- 
ologic dysfunction of the frontocentroparietal areas asso- 
ciated with unstable paroxysmal discharges is the main 
feature of LKS. 


COURSE, OUTCOME, AND TREATMENT 
OF THE APHASIA 


One of the most puzzling features of LKS is the fluctu- 
ating course of the aphasia, characterized by remissions 
and exacerbations.***'*" A relationship between the age 
at onset and the long-term outcome has recently been 
suggested”™: the younger the child, the worse the prog- 
nosis for the language recovery. 

Different therapeutic approaches have been put for- 
ward. Cole et al” reported a transient improvement of 
language functions following left-sided temporal lobec- 
tomy in a 7-year-old boy. Andrews et al* applied multi- 
ple subpial transection in a 7-year-old boy, who had 
regained near-normal language functions 6 months after 
surgery. On the other hand, anticonvulsants frequently 
failed to alleviate the language deficit,” but as early as 
in 1974, McKinney and McGreal” already reported that 
treatment with corticosteroids was effective. In support- 
ing their encouraging results, Marescaux et al** and Ler- 
man et alf have recently put new life into this treatment. 
Pascual-Castroviejo” recently claimed a significant im- 
provement of language functions after administration of 
nicardipine HCL, together with conventional anticonvul- 
sants, in all the six children who were treated in the study. 
Although many children with LKS have been given lan- 
guage therapy, to our knowledge, no detailed reports of 
remedial approaches are available.” Some institutions for 
deaf children propose a global educational approach that 
combines orthodidactics and individual speech therapy.” 


BEHAVIORAL ABNORMALITIES 


The behavioral disorders reported in LKS are hyperac- 
tivity, aggressiveness, and depression.*™ The severity of 
these disturbances ranges from mild to pronounced. A 
psychotic condition has rarely been described.!!32637 


ETIOLOGY 


The etiology of LKS remains unknown. The children 
show a normal developmental course until the onset of 
the first epileptic seizures or language disintegration. 
Family and personal medical history do not reveal any 
relevant data, especially concerning epilepsy and lan- 
guage development. Clinical examination does not show 
any associated neurologic signs, and despite the EEG ab- 
normalities, extensive investigations, including cerebral 
angiography, cerebral computed tomography, or mag- 
netic resonance imaging, have never yielded any relevant 
sign of anatomic lesions,* with the exception of the case 
of Otero et al.” However, with the use of positron emis- 


Arch Neurol—Vol 49, April 1992 


sion tomography, Maquet et al® demonstrated metabolic 
abnormalities, predominantly over the temporal lobes. To 
our knowledge, only one report*! mentioned single pho- 
ton emission computed tomography results, which were 
normal in the child who was studied. 


REPORT OF CASES 


From 1969 through 1989, we examined six right-handed chil- 
dren who were suffering from LKS. Pregnancy and delivery 
were normal in all patients. The family history was negative for 
epilepsy. Psychomotor and. especially language development 
showed no abnormalities. Performances on a nonverbal intelli- 
gence test were within normal limits in all children at the time 
of the administration. Audiometry excluded a hearing loss, and 
results of neurologic examination were normal, with the excep- 
tion of the aphasia. The EEG abnormalities were present in all 
patients, but arteriograms and computed tomographic scans 
failed to disclose structural cerebral anomalies. 

This article addresses the clinical picture, as well as the course 
and outcome of the aphasia, in these six children. The Table 
summarizes the major personal, neurologic, and EEG data. 

CASE 1.—This female patient was born in 1965. In April 1969, 
her parents had the impression that she had become slightly 
deaf. Often, they had to raise their voice and to repeat their 
questions frequently before the child did understand them. 
Then, they noticed that their child’s articulation deteriorated. 
The construction of her sentences became fragmentary, and af- 
ter another month, she expressed herself by gestures and indi- 
cated her needs by pointing. In June 1969, her vocabulary had 
become limited to one word: after much urging, she could say 
“daddy.” In September 1969, the parents observed short periods 
of absentmindedness. Intensive investigations did not demon- 
strate structural abnormalities, but a waking EEG in December 
1969 showed a slow-wave focus in the right temporal lobe. The 
girl was successfully treated with phenytoin (diphenylhydan- 
toin) and phenobarbital acid. One year later, she was hospital- 
ized because of a generalized seizure. A waking EEG continued 
to show an SW focus in the right temporal lobe. Because of dif- 
ficulties in controlling the seizures, acetazolamide acid was 
added to the medication. No further seizures occurred during 
the follow-up period up to 1989. In 1971, the EEGs showed a 
fluctuating severity of focal disturbances, but after December 
1971, they were no longer evident. Paroxysms were not observed 
after August 1971. In 1982, an EEG had normalized. 

In the follow-up period, her speech had improved slowly but 
steadily since 1973. Nineteen years after the onset of the aphasia, 
subtle auditory language deficits still have persisted; however, 
these deficits have not interfered with her professional life as a 
bank employee. 

CASE 2.—This female patient was born in 1970. In March 1976, 
nocturnal seizures with twitching of the eyes and face muscles 
and grunting developed in the patient. The fits disappeared af- 
ter carbamazepine and phenobarbital had been administered. 
One year later, her speech deteriorated. At admission in July 
1977, the only words that she could say were “yes,” “no,” 
“mummy,” and “daddy.” A waking EEG showed multifocal ep- 
ileptic activity predominantly in the left temporal lobe. In August 
1977, after 23 days of prednisone therapy (24 mg/d), she became 
talkative: she started shouting and babbling. This babbling was 
not very differentiated, as she mostly used the poorly articulated 
syllables ti and ta. However, she did not start saying meaning- 
ful words, and the prednisone treatment was gradually tapered 
off. The babbling and shouting disappeared almost immediately 
after the last dose, and 4 days later, she was given the drug again 
(20 mg/d). Although another period of babbling was expected, 
her verbal behavior did not change in the first 6 weeks. Then, in 
early October 1977, still with the use of prednisone treatment 
(5 mg/d), she suddenly made considerable progress: she began 
to use meaningful words again. A waking EEG also improved. 
In November 1977, the girl was referred to a rehabilitation unit, 
where intensive speech therapy was introduced. In March 1978, 
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LKS Patient Data: Sex, Age, Initial Deficits, Epilepsy, and Course of Aphasia* 


Age at 
Onset, 
y mo 


40 


Epileptic 
Activity 
on EEG 


Birth 
Date 


Patient/ 
Sex 


1/F 4/12/65 


Date of 
Onset 


April 1969 


Epileptic 


First Sign Symptoms 





Comprehen- Absences since Absent since 
sion September December 
deficit 1969, 1971 

generalized 
seizure in 
January 1971, 
no seizures 
since 
February 1971 


Atypical 
absences 
since March 
1976, grand 
mal seizure 
and focal 
motor insult 
in March 
1978, no 
seizures since 
August 1986 


Partial epilepsy Absent since Absent in 
since May March 
1983, no 1984 
seizures since 
February 1984 


Absences 
observed 
twice 


2/F 7/26/70 58 March 1976 Absent since 


July 1984 


Epilepsy 


3/F 11/12/77 May 1983 Epilepsy 


4/F 1/15/79 June 1983 Compre- 
hension 


deficit 


Abs ənt since Present in July 
June 1986 1984, absent 


1986 


5/M July 1979 Simulta- Atypical Still present Present in 
neous absences and in 
epilepsy minor status October 
and epilepticus 1987 
language 

break- 


down 


6/M 3/30/77 March 1981 Present in 
March 1983, 
December 
1985, and 
August 1987; 
absent in 
December 


1989 


Compre- 
hension 
deficit 


Psychomotor 
epilepsy and 
grand mal 
insults 


Still present 
in August 
1987 


February 1984 


in September 


October 1983 


Course of 
Aphasia 


Slow and 
continuous 
improvement 


Fluctuating 
course, 
continuous 
improvement 
since May 
1979 


Rapid recovery 
since April 
1984 


Slow and 
continuous 
improvement 
since 
October 1984 


Fluctuating 
course 


Severe 
deterioration 
of language 
functions, no 
communica- 
tion skills 
since January 
1984, slow 
improvement 
since 
September 
1989 


Follow-up 
Period, 


på 
19 





*LKS indicates Landau-Kleffner syndrome; EEG, electroencephalogram; and ESES, electrical status epilepticus during slow sleep. 


an unforeseen grand mal seizure was followed by another period 
of language breakdown and increased EEG abnormalities, which 
lasted until May 1979. At that time, a new and unexpected pe- 
riod of language recovery occurred without any corticosteroids 
being given. The recovery progressed slowly. In February 1985, 
a repeated neuropsychologic examination disclosed an overall 
improvement of spontaneous speech. The child expressed her- 
self in longer utterances, and word-finding problems were less 
frequent. A mild auditory comprehension disorder was still 
present. Eight years after the onset of the aphasia, mild language 
disturbances could still be demonstrated. A waking EEG did not 
show epileptic activity anymore. 

CASE 3.—This female patient was born in 1977. In May 1983, 
her parents noticed that she was sometimes staring or shaking 
her head for some seconds. These clinical fits increased in the 
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following months. Expressive language began to deteriorate in 
October 1983, while word deafness was observed 2 months later. 
Articulation also worsened. She was referred to a hospital for 
epileptic children. A waking EEG showed excessive multifocal 
epileptic activity. A sleep EEG, however, did not show any sign 
of electrical status epilepticus during slow sleep (ESES) (Table). 
sodium valproate was administered, and it suppressed the sei- 
zures in February 1984. The epileptic activity disappeared from 
an EEG in March 1984. In April 1984, expressive language sud- 
denly started to recover, while auditory comprehension im- 
proved considerably 1 month later. In May 1984, a neuropsy- 
chologic examination revealed word-finding difficulties in 
spontaneous speech, as well as during a visual confrontation- 
naming task. Repetition of simple sentences was impossible. 
However, slowly given verbal commands were understood ad- 
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equately. In August 1984, she was readmitted to a primary 
school. In July 1985, a repeated neuropsychologic assessment 
failed to demonstrate any aphasic deficit. No learning difficulties 
were reported up to the present. On the contrary, she has been 
one of the brightest pupils in her class. 

CASE 4.—This female patient was born in 1979. In June 1983, 
her parents observed a kind of word deafness: the child often 
requested them to repeat their questions. Meaningful sounds, 
such as the ringing of a telephone, however, were recognized 
adequately. More and more, the child began to react to gestures 
only, and later on, she indicated her needs by pointing. In De- 
cember 1983, the expressive language worsened considerably. 
The child’s speech became telegraphic, but she continued to ar- 
ticulate correctly. Absences were reported twice between June 
and December 1983. Because of their rare occurrence and the lack 
of other clinical seizures, the decision was taken not to admin- 
ister anticonvulsants. Speech deteriorated still more in the 
following months. In March 1984, she did not succeed in recog- 
nizing meaningful sounds anymore. In July 1984, a sleep EEG 
showed bilateral SW complexes that were compatible with ESES. 
In August 1984, a waking EEG showed focal SW discharges 
mostly in the left temporal lobe. In September 1984, a neuropsy- 
chologic assessment revealed severe auditory comprehension 
disorders. Repetition of short words was impossible. The girl 
rarely spoke in sentences when she described drawings that de- 
picted complex situations. However, visual confrontation nam- 
ing was only mildly disturbed. In October 1984, findings from a 
repeated neuropsychologic examination confirmed the kinder- 
garten teacher's impression that both the auditory comprehen- 
sion and the spontaneous speech started to recover, with the 
latter better than the former. At that time, a waking EEG showed 
a left-sided temporal epileptic focus, but no generalized SW dis- 
charges anymore. The course of the aphasia was favorable; in 
1985, verbal comprehension increased, although repetition of 
words and sentences remained difficult. A waking EEG became 
normal in June 1986. No epileptic activity was seen on a sleep 
EEG in September 1986. In November 1986, a new neuropsy- 
chologic assessment revealed an increase of syntactic complex- 
ity in spontaneous speech. Repetition of two- and three-syllable 
words and of short sentences became possible. Auditory com- 
prehension improved, although performances on the Tridimen- 
sional Matrix Test* and the Token Test remained low. Never- 
theless, the girl succeeded in following regular primary school 
with the help of a remedial teacher, and she learned reading and 
writing. 

CasE 5.—This male patient was born in 1976. At the age of 3 
years, periods of staring were observed, and a language break- 
down occurred. In September 1980, a waking EEG showed focal 
epileptic activity, which was not influenced by treatment with 
valproate and carbamazepine. Subsequent waking EEGs 
showed a marked increase of epileptic activity. In July 1982, the 
boy suddenly displayed signs of recovery. At that time, EEG ab- 
normalities partially regressed. His parents reported that speech 
had recovered considerably in November 1982. However, in 
August 1983, his speech gradually began to deteriorate again. 
Neuropsychologic examination disclosed a severe auditory com- 
prehension deficit. Spontaneous language was limited to emo- 
tional utterances. A sleep EEG showed a continuous SW activity 
during slow sleep, indicative of ESES. Ethosuximide was added 
to the medication. The course of the aphasia continued to fluc- 
tuate. In April 1984, a repeated neuropsychologic examination 
revealed a slight improvement. The boy uttered stereotypes. 
Repetition of words was possible. He could understand simple 
verbal commands. When examined in 1988, his performances 
were basically unchanged. 

CASE 6.—This male patient was born in 1977. In 1981, he be- 
came apparently deaf and less alert. Petit mal insults were fre- 
quently observed after a mild head injury. In 1982, a waking EEG 
was severely disturbed by continuous SW complexes. Treatment 
with ethosuximide was not effective, and the boy was referred 
to an institution for epileptic children. At admission, his vocab- 
ulary was limited. A nocturnal EEG, performed in March 1983, 
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recorded a SW index of more than 85% during slow sleep (ESES). 
In this period, the boy’s communication skills disappeared. He 
seemed to be mutistic. As treatment with carbamazepine and 
clonazepam had no effect on the aphasia, they were replaced by 
valproate and ethosuximide. In April 1983, auditory compre- 
hension increased, as well as the boy's overall alertness. In June 
1983, a neuropsychologic examination disclosed a dissociation 
between expressive and receptive language skills. Speech was 
limited to meaningless sounds, while repetition of words was 
impossible. However, the boy could perform the most complex 
items of the Tridimensional Matrix Test. He appropriately exe- 
cuted his mother’s complex verbal commands, such as “open the 
door after having given me the book.” A dramatic improvement 
was noticed in the following weeks. The child’s voice hoarsened 
as he spoke too much. In July 1983, a repeated neuropsychologic 
assessment showed a talkative boy. Word-finding difficulties 
and literal and verbal paraphasias occurred in spontaneous 
speech. He expressed himself in complex syntactic structures 
and articulated very well. Repetition of short sentences, how- 
ever, remained difficult. Auditory comprehension seemed to be 
intact in conversation, but mild disturbances were disclosed by 
the Token Test. At that time, the boy was referred to a school for 
special education. His parents reported a continuous progress of 
language functions up to October 1983, when carbamazepine 
was substituted for ethosuximide (while valproate was still be- 
ing given). Language began to deteriorate again. No communi- 
cation was possible within 3 months. Treatment with carba- 
mazepine was stopped, and ethosuximide was reintroduced, 
but the boy’s condition did not change despite intensive speech 
therapy in a school for deaf children. He did not react to verbal 
stimulation and did not speak, but was continuously playing 
with puzzles and building blocks. In December 1985 and August 
1987, EEGs showed continuous SW discharges during 95% of 
slow sleep (ESES). Surprisingly, still with the use of ethosuxi- 
mide and valproate treatment, he started to babble again in Sep- 
tember 1989, and he spoke a few simple words 2 months later. 
At that time, a sleep EEG showed continuous SW activity only 
during 3% to 5% of slow sleep. Since then, language functions 
have slowly improved, but aphasia was still severe in 1991. A 
grand mal seizure has still occurred once each year. 


COMMENT 


These six patients reflect the heterogeneous clinical 
picture of LKS (Table). Based on our findings, one should 
be cautious about invoking firm statements concerning 
course and outcome of the aphasia. Patient 1 (slow and 
continuous improvement after language breakdown) and 
patient 6 (progressive disintegration with ups and downs) 
illustrate the variable pattern of aphasic disturbances at 
onset, as well as during the course of the illness. There- 
fore, a long follow-up is necessary to evaluate the final 
outcome: children with LKS can show a continuing 
improvement throughout many years, even when the 
degree of aphasia at onset and in the next few years is se- 
vere (see patients 1 and 2). Inagreement with the common 
opinion," the occurrence of epileptic activity in an EEG 
that is recorded during wakefulness is not a prognostic 
sign for the course and outcome of the aphasia, and the 
normalization of the EEG does not necessarily herald the 
proximate improvement of the aphasic disorder (see pa- 
tients 1 and 4). 

A more recently described EEG phenomenon labeled 
ESES“ or continuous spikes and waves during slow 
sleep“ may possibly clarify some aspects of the rela- 
tionship between epilepsy and aphasia. In a first publica- 
tion, Tassinari et al® stated that ESES is not specific for 
LKS: many of their patients with ESES did not show lan- 
guage disturbances of a kind that would evoke LKS. 
However, they subsequently modified their opinion: 
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based on personal observations and a review of the liter- 
ature, they emphasized that ESES is responsible for com- 
plex and severe neurologic impairments, mainly concern- 
ing language functions. Dulac et al? and Billard et al” 
showed that only language disturbances are associated 
with the occurrence of ESES, arguing that ESES interferes 
with a normal functioning of the “speech areas.” The 
progressive loss of language functions occurred when 
ESES was present in their children, and recovery only 
took place when ESES had disappeared. Hirsch et al” 
emphasized the importance of ESES by considering it to 
be the most severe form of LKS, with both conditions be- 
ing different points on the spectrum of a single syndrome. 
However, Boel and Casaer” believed that both could be 
clearly differentiated. 

Electrical status epilepticus during slow sleep was 
found in patients 4, 5, and 6. Unfortunately, no sleep 
EEGs were available in patients 1 and 2. Patients 5 and 6 
have been, up to now, the most severely aphasic children 
in the series. The findings in patient 4 support the 
assumption of Dulac et al” and Billard et al.” Three 
months after ESES was seen, a waking EEG showed a de- 
crease of epileptic activity, while language functions be- 
gan to improve. Two years later, no epilepsy was seen on 
waking and sleep EEGs anymore. A mild, mainly recep- 
tive aphasia was still present, yet allowing regular educa- 
tion to be given. The findings in patient 6 partially sup- 
port the supposition of Dulac et al” and Billard et al.” 
Patient 6 also started to communicate after the disappear- 
ance of ESES from a sleep EEG, although some epileptic 
EEG abnormalities still remained, and occasional grand 
mal seizures continued to occur once each year. These 
may be the reasons why communication improved quite 
slowly, and why its evolution up to 1991 was rather lim- 
ited despite the disappearance of ESES. Moreover, the 
fluctuating course of the aphasia in patient 6 may reflect 
the presence of ESES at different moments. In any case, 
ESES was present for a longer period in patient 6 than in 
patient 4. Consequently, lasting EEG abnormalities and 
persisting clinical seizures, combined with the presence 
and duration of ESES, may impede the language recov- 
ery. 

Pang speculations concerning the etiology have been 
formulated. The lack of a clear interrelationship among 
the epileptic seizures, the EEG abnormalities, and the 
specific behavioral symptoms, such as aphasia and 
apraxia, has not facilitated the search for a common etio- 
logic factor. Landau and Kleffner' hypothesized that per- 
sistent convulsive discharges in the brain tissues that me- 
diate language functions may result in a “functional 
ablation” of these areas. Not the normalization of a rou- 
tine EEG,>! but the disappearence of ESES may bring 
forth an improvement of language functions. Conse- 
quently, ESES may be responsible for the functional dis- 
organization of the cortical areas that play a role in 
language functions. As structural abnormalities have un- 
til now rarely been demonstrated,” and because of the 
fluctuations of the aphasia, an infectious process has also 
been assumed. However, convincing laboratory findings 
that indicate such a process are almost completely lacking 
in the literature.” Even findings from brain biopsies, per- 
formed on two patients, failed to clarify the underlying 
process.” However, the results of a biopsy, performed 
on the patient described by Lou et al,® were suggestive for 
a meningoencephalitis of the slow virus type. Finally, an 
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isolated cerebral arteritis has also been postulated as a 
possible cause.” 

Our conclusive opinion is that a lot of still unanswered 
questions, concerning the interrelationship among the 
various EEG abnormalities, the type of (sub)clinical sei- 
zures, the course and outcome of the language disorder, 
and the behavioral problems, have to be clarified first to 
get a better insight into the pathogenesis of LKS. 

Since this manuscript was submitted for publication, 
the phenomenon of electrical status epilepticus during 
slow sleep has been reviewed in depth by Jayakar and 
Seshia.” In the same issue, a thorough review of acquired 
epileptic apshsia in children is provided by Deonna." 


The authors acknowledge the permission of A. M. Janssen, MD, 
and R. Starrenburg, MD, to examine and follow up their patients, 
and thank V. Serlet for revising the English text. 
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e A case-control study of Parkinson’s disease and physical 
exercise was conducted in a cohort of 50 002 men who at- 
tended Harvard College (Cambridge, Mass) or the Univer- 
sity of Pennsylvania (Philadelphia) between 1916 and 1950 
and were followed up in adulthood for morbidity and mor- 
tality data. Cases of Parkinson’s disease were identified from 
responses to mailed questionnaires and death certificates 
through 1978. Four controls from the same population were 
selected for each case. The association between physical 
activity at the time of college and subsequent risk of 
Parkinson’s disease was evaluated for 137 cases and 548 
controls, whereas the data on physical activity in adulthood 
before the disease occurrence was available only for 94 of 
these cases. Having belonged to a varsity team or having 
done regular physical exercise in college was associated 
with a lower nonsignificant risk of Parkinson’s disease. In 
adulthood, practice of moderate or heavy sports was linked 
to a reduced risk, although more precise analysis revealed 
that there was only a modest nonsignificant reduction in risk 
for subjects who do a moderate amount of physical exercise, 
but this negative association disappears at higher levels of 
physical expenditure. These results, which require further 
confirmation, are compatible with a slight protective effect 
of physical exercise on the risk of Parkinson’s disease, 
although the lack of association cannot be refuted. 
(Arch Neurol. 1992;49:360-365) 


faces disease, first described in 1817,' is a neuro- 
logic disorder involving the extrapyramidal system 
and characterized by a decrease in the dopamine content 
of the striatum. Akinesia, resting tremor, and rigidity are 
the three most common symptoms.? Some cases of 
secondary parkinsonism have been described as iatro- 
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genic, after the use of certain drugs, such as phenothia- 
zines and reserpine,>* or as secondary to occupational 
exposure to carbon monoxide, carbon disulfide, certain 
industrial solvents, mercury, lead, and pesticides.*7 Most 
parkinsonism is still of unknown etiology, and many hy- 
potheses have been proposed.*”° 

The association of physical exercise with overall mor- 
tality has been repeatedly studied, as well as more specific 
relations with cardiovascular and cancer morbidity. In 
contrast, little is known about the effect of exercise on the 
occurrence of neurologic disorders, including Parkinson’s 
disease. Brain dopamine is necessary for normal move- 
ment. Physical therapy has been proposed as an integral 
part of the treatment of patients with Parkinson’s 
disease,” although one small trial did not confirm its 
efficacy.” In addition, an experimental study looked at 
the relation between the intensity of movement and brain 
dopamine metabolism.” Given the unique availability in 
this study of data prospectively collected, in particular on 
physical exercise in Harvard College (Cambridge, Mass) 
and University of Pennsylvania (Philadelphia) alumni 
followed up from the time of college to death, we decided 
to investigate whether the level of physical activity at 
various ages would be related to the occurrence of 
Parkinson's disease, our hypothesis being that exercise 
will influence dopamine levels and metabolism. 


SUBJECTS AND METHODS 


We conducted a case-control study within a combined cohort 
of 36505 men who entered Harvard College between 1916 and 
1950, and 13497 men who attended the University of Pennsyl- 
vania between 1931 and 1940. College records of these 50002 
subjects were searched for medical, social, psychological, aca- 
demic, and extra-academic data. The sources of information in 
this study have been described previously.""* For exposures oc- 
curring at a young age, the main source of information was the 
medical evaluation conducted at the time of college entrance. 

Follow-up information on former college students was pro- 
vided through the alumni offices of both universities. Mailing 
lists were regularly updated, and it was estimated that less than 
1% of alumni deaths were unknown to the alumni offices.” On 
notification of death, official certificates were obtained and 
information on cause of death or accompanying condition or 
both was recorded. 

In addition to mortality data, morbidity data and life-style in- 
formation in adulthood were collected through mailed question- 
naires, with an approximate response rate of 70%. Morbidity 
data were obtained via the question, “Has a physician ever told 


Exercise in Parkinson’s Disease—Sasco et al 


d 








Table 1.—ORs and 90% 


CLs for Parkinson’s Disease and Physical Activity at Time of College* 












Exercise, h/wk+ 


5-9 23 110 
10-14 15 79 
215 10 34 
Variable 34 135 
Any exercise 111 467 
Not available 20 58 





*OR indicates odds ratio; CL, confidence limit. Th 


Exposure Controls OR 90% CL Logistic OR 90% CL 
Varsity athletics, yt 
None 132 518 1 ET 1 fers 
1-2 4 17 0.92 0.36, 2.3 1.2 0.47, 3.1 
3-4 1 13 0.30 0.06, 1.5 0.31 0.05, 1.8 
Any duration (1-4) 5 30 0.64 0.28, 1.5 0.78 0.34, 1.8 


e ORs in the first column are crude stratum-specific, except for the summary OR (any 



















0.44, 2.3 










: 0.79 0.29, 1.8 
0.80 0.34, 1.9 0.63 0.24, 1.5 
0.73 0.30, 1.8 0.53 0.20, 1.5 
1:1 0.43, 3.0 0.86 0.34, 2.8 
0.96 0.42, 2.2 0.85 0.31, 2.3 
0.83 






0.36, 1.9 0.31, 1.7 


duration, any exercise), for which the matched OR is given (matching on university, year of college examination, and age at examination). 
Logistic OR is from logistic regression model, including, in addition to the variable of interest (varsity or exercise), smoking, measles, weight, 


and diastolic blood pressure. 


tx= —1.107, two-sided P= .268, based on three levels, with no varsity athletics as the reference level and score values of 0, 1, and 2 in 


order of increasing exposure. 


łx= — 0.373, two-sided P=.709, based on four levels, with no exercise as the reference level and score values of 0, 1, 2, and 3 in order 


of increasing exposure. 


you that you had any of the following?” applying to a list of 
medical conditions including Parkinson’s disease. The year of 
onset was to be indicated. Such a questionnaire, by itself, or in 
combination with a request for information on life-style, was 
sent to the Harvard alumni in 1962 or 1966, 1972, and 1977 to 1978 
and to the University of Pennsylvania alumni in 1966 and 1976. 

One hundred sixty-four alumni were found to have Parkin- 
son’s disease, but for only 137 of these was information available 
from their college medical reports. They include 96 cases iden- 
tified through their answers to the 1976 to 1978 questionnaires, 
20 cases identified from death certificates alone, and 21 cases 
from an earlier morbidity questionnaire. Four control subjects 
were randomly selected for each case from the pool of live sub- 
jects who were self-reported on the 1976 to 1978 questionnaires 
as not having Parkinson’s disease, who attended the same uni- 
versity as the case subject, who had a college examination and 
age at examination within 2 years of the examination and age of 
the case subject, and for whom college information was avail- 
able. Virtually all study subjects from both Harvard and the 
University of Pennsylvania were white, and they all originated 
from a fairly uniform population in terms of social class. 

We considered as validated any case that was confirmed bya 
physician. Validation by a neurologist was not required. All 
cases identified through death certificates with mention of Par- 
kinson’s disease were considered as validated. Validation of the 
cases identified through a self-report of Parkinson’s disease on 
a questionnaire was sought by requesting confirmation of the 
diagnosis and of the date of onset from the subject’s physician. 
Validation was obtained for 70.1% of cases and none was 
refuted. Validation of the disease-free status of the controls was 
only secured for 54.0% of controls. None of the controls for 
whom the validation was completed had Parkinson’s disease at 
the time of identification of the case to which he was matched, 
although in two of the controls Parkinson’s disease later devel- 
oped. These two are retained as control subjects and are not 
treated as cases. 

Most cases of Parkinson’s disease in this series were consid- 
ered idiopathic by the diagnosing physician. Only three of the 
validated cases, all with an early onset of Parkinson’s disease, 
were categorized as postencephalitic by the physicians who val- 
idated the diagnosis, and for one case the physician mentioned 
influenza in 1918. 

Matched maximum likelihood estimates of the exposure odds 
ratio (OR)* and 90% confidence limits (CLs)? were computed for 
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each of the dichotomous exposure factors under study. When 
the exposure was categorized into levels, for the evaluation of a 
dose-response effect, unmatched level-specific estimates of the 
exposure OR,” x? test for trend (Mantel extension to the 
Mantel-Haenszel test), and exact two-sided P value are pre- 
sented. Most analyses were performed with the calculator pro- 
grams developed by Rothman and Boice.*! Matched logistic re- 
gression analyses were carried out using the PECAN program.” 


RESULTS 
Physical Activity at Time of College 


Two variables were available to evaluate physical activ- 
ity. The first was belonging to varsity teams, given as the 
number of years during which the subject practiced var- 
sity athletics, from 0 to a maximum of 4 years; the second 
was usual exercise in hours per week. Results are pre- 
sented in Table 1. 

Having practiced varsity athletics was associated with 
a reduced risk of Parkinson’s disease (OR=0.64), with a 
decreasing risk associated with an increasing number of 
years in varsity teams. The practice of exercise was asso- 
ciated with an OR of 0.83, with no clear trend according 
to duration of exercise per week. 


Physical Activity in Adulthood 


Several variables related to physical activity in adult- 
hood were collected by means of mailed questionnaires. 
In particular, questions were asked on the daily number 
of flights of stairs climbed and the daily number of blocks 
walked or their equivalent. Precise questions related to 
sports varied somewhat according to the year of the 
questionnaire but allowed for at least a determination of 
the weekly number of hours of practice of sports, with a 
distinction being made between heavy and moderate 
sports, based on estimated energy expenditure. 

Each of the above-mentioned variables were examined 
separately, and, in addition, a combined index was com- 
puted. For each subject, the estimated energy expendi- 
ture deriving from stair climbing, walking, and sports was 
added up. We assumed the following values: climbing a 
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Exposure 


Table 2.—ORs and 90% CLs for Parkinson’s Disease and Usual Physical Activity (Stair Climbing and Walking) 
_ Before Occurrence of Disease* 






90% CL Logistic OR 90% CL 




















7 15 

23 114 

6-10 22 120 
11-15 11 31 
16-20 6 18 
21 1 15 
Variable 3 ii 
=6 43 191 
Not available 21 56 

Blocks/d+ 

<5 20 96 
6-10 24 94 
11-15 7 40 
16-20 6 25 
221 11 44 
Variable 1 11 
Any number 49 214 
Not available 25 66 






*OR indicates odds ratio; CL, confidence limit. Th 


e ORs in the first column are stratum-specific, except for the summary OR (6 or more 


0.19, 0.99 


0.34 0.13, 0.87 
0.17, 0.90 0.30 0.12, 0.79 
0.29, 2.0 0.67 0.24, 1.9 
0.24, 2.1 0.63 0.20, 1.9 
0.03, 0.78 0.09 0.01, 0.69 
0.23, 3.7 0.82 0.18, 3.7 
0.62, 1.5 0.93 0.58, 1.5 

at 1 sors 

0.70, 2.1 12 0.66, 2.2 
0.38, 1.8 0.69 0.29, 1.6 
0.49, 2.7 a3 0.53, 3.1 
0.60, 2.4 1.3 0.61, 2.6 
0.08, 2.5 0.49 0.08, 3.0 

1.1 


0.68, 1.8 0.63, 1.8 


flights, any number of blocks) for which the matched OR is given. The logistic OR is from the logistic regression model including, in ad- 


dition to the variables describing physical activity, 


smoking, measles, weight, and 


diabetes. 


ty = — 0.362, two-sided P=.717, based on six levels, with no flights of stairs as reference level and score values of 0, 1, 2, 3, 4, and 5 in 


order of increasing exposure. 
$y = 0.262, two-sided P=.793, 
of increasing exposure. 


flight of stairs, 16.8 kJ; walking one block, 33.6 kJ; 1 hour 
of moderate sports, 1260 kJ; and 1 hour of heavy sports, 
2520 kJ. For subjects who did not give precise figures but 
who replied instead that their exercise was irregular, we 
used the median value of the controls. 

All those cases for which we did not have any infor- 
mation in adulthood before the occurrence of the dis- 
ease were identified. They corresponded to cases with 
a date of diagnosis before the 1962-1966 questionnaire 
or unknown, as well as cases identified through death 
certificates who had been nonrespondent to morbidity 
questionnaires. To separate clearly the role of physical 
activity in the occurrence of Parkinson’s disease, we 
restricted the analysis to the 94 sets for which the 
disease onset of the case was known to be subsequent 
to the 1962-1966 questionnaire. Among respondents to 
the 1962-1966 questionnaire who were free of disease at 
that time, the interval between completion of the ques- 
tionnaire and subsequent onset of Parkinson’s disease 
ranged from 1 to 15 years. 

The matched OR for the climbing of stairs comparing 
those who never climbed stairs with those who 
climbed any number of flights of stairs was 0.46 (90% 
CL=0.22, 1.0). We were nevertheless concerned about 
the fact that subjects who never climbed stairs may not 
be an appropriate comparison group as this implies the 
overrepresentation of seriously disabled subjects. 
Therefore, we used as a reference group those subjects 
climbing five or fewer flights of stairs per day. The OR 
for those climbing at least six flights of stairs is 0.96 
(90% CL=0.62, 1.5), with no trend for an increasing 
number of flights (Table 2). 

Similarly, the ORs associated with walking were mark- 
edly different depending on the choice of the reference 
category. With subjects walking less than one block per 
day as a reference, the OR was 0.33 (90% CL=0.08, 1.4), 
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based on five levels, with less than 6 blocks as reference level and score values of 0, 1, 2, 3, and 4 in order 


whereas it went up to 1.1 (90% CL=0.68, 1.8) for subjects 
walking six blocks or more per day compared with those 
walking less, with no trend for an increasing number of 
blocks (Table 2). 

Several variables were available to describe sports 
(Table 3). The practice of moderate sports (taken in 
isolation or associated with heavy sports) was associ- 
ated with an OR of 0.60 (90% CL=0.38, 0.95), with 
some decreasing trend by number of moderate sports. 
Practice of heavy sports (taken in isolation or associ- 
ated with moderate sports) was associated with an OR 
of 0.64 (90% CL=0.40, 1.0), with a decreasing trend for 
increasing number of heavy sports. No trend was seen 
when examining the OR associated with an increasing 
number of hours per week, either for moderate or for 
heavy sports. Subjects with more than 15 hours per 
week of sport had an increased OR, 1.5 (90% 
CL=0.36, 6.0) for moderate sports and 1.8 (90% 
CL=0.55, 5.6) for heavy sports (data not shown). 

Using as a reference group subjects who either did not 
practice sports or did so for less than 1 hour per week, 
subjects with the most reduced OR were those who only 
did moderate sports (Table 3). 

To combine all physical activity in a single summary 
variable, the total energy expenditure was computed, as 
outlined above, and categories were defined according to 
tertiles of distribution of expenditure among the controls 
(Table 4). Subjects having an energy expenditure greater 
than 2100 kJ/wk had a slightly reduced OR with a 
tendency toward a U-shaped relation with increasing en- 
ergy expenditure. Similar ORs were obtained with com- 
parable U-shaped patterns either when looking sepa- 
rately at expenditure related to climbing stairs or walking 
and expenditure associated with the practice of sports, or 
when combining all possible physical activities for which 
we had information. 
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Exposure Cases Controls 














OR 90% CL Logistic OR 90% CL 











No. of moderate sportst 


2 8 37 
23 3 24 
No. of heavy sports 
None 33 105 
a 18 82 
2 10 54 
33 2 14 
Type of sport practiced for 
at least 1 h/wk§ 
None 36 144 
Only moderate 11 67 
Both moderate and heavy 14 57 
Only heavy 10 35 
Not available 23 73 


see Table 2. 


*OR indicates odds ratio; CL, confidence limit. The ORs in the first column are crude stratum-specific. For explanation of logistic OR, 







0.36, 1.0 














0.69 0.33, 1.4 0.69 0.33, 1.6 
0.40 0.14, 1.1 0.53 0.18, 1.6 
0.70 0.40, 1.2 0.73 0.40, 1.3 
0.59 0.30, 1.1 0.67 0.33, 1.4 
0.45 0.13, 1.6 0.41 0.10, 1.6 
0.66 0.36, 1.2 0.76 0.40, 1.4 
0.98 0.55, 1.8 1.2 0.77, 2.9 











Ta 0.59, 2.2 1.4 0.63, 2.3 





tx = —1.724, two-sided P= .085, based on four levels, with no sports as reference level and score values of 0, 1, 2, and 3 in order of in- 


creasing exposure. 
+x = — 1.658, two-sided P=.097. 
§x =0.197, two-sided P=.843. 


Multivariate Analysis 


In addition to the variables describing physical activity, 
all variables (smoking, measles, weight, diastolic blood 
pressure, or diabetes) found in univariate analyses to be 
associated with Parkinson’s disease!”'© were introduced 
in two matched logistic regression models: one for the 
variables collected at time of college and one for the vari- 
ables collected in adulthood, before the occurrence of the 
disease. Controlling for potential confounders and allow- 
ing for interaction by other variables did not materially 
affect the result of the analysis, most of the logistic ORs 
not being markedly different from the crude ones (Tables 
1 through 4). 


COMMENT 


We may have missed some cases either through failure 
to report parkinsonism in the questionnaire or through 
nonresponse. Inclusion of subjects without Parkinson’s 
disease among cases would bias the measure of associa- 
tion between exposure and disease toward the null value 
and would not explain our findings. Similarly, the nega- 
tive association between physical activity and Parkinson’s 
disease cannot be ascribed to a differential recall of habits 
among cases as compared with controls, as the data on 
which this analysis is based were collected before the on- 
set of disease. 

Our measure of physical activity derives from answers 
to mailed questionnaires. The Harvard-Pennsylvania 
alumni questionnaire has been used repeatedly by Paf- 
fenbarger and his collaborators for all the studies pub- 
lished as the series on chronic disease in former college 
students, but also by other investigators who studied its 
validity. 

It is clear from the values of energy expenditure 
obtained in this study that the energy expenditure was 
underestimated, the median value for controls being 9752 
kJ. Only selected activities were considered for the com- 
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putation. Given that the information was obtained for all 
subjects before the occurrence of disease, the imprecision 
in the assessment of physical activity was not linked to the 
future disease status. Our results may therefore lean to- 
ward the null value, but they should not be biased. The 
assessment of physical activity by questionnaire, despite 
its inherent inaccuracy, has been found useful for epide- 
miologic research,” as also demonstrated in practice by 
the association found between physical activity scores 
and various chronic diseases, such as cardiovascular 
events and certain cancers. In a validation study compar- 
ing eight physical activity questionnaires, the highest 
correlation between questionnaire and energy intake was 
reported for the Harvard-Pennsylvania alumni question- 
naire. In addition, the mean weekly energy expenditure 
among the group of 21 volunteers was estimated at 8606 
kJ, which is close to our estimated median among 
controls. The repeatability of measures obtained from this 
questionnaire was found satisfactory,® and in general, 
self-reporting of physical activity was more accurate than 
more elaborate tools such as 7-day recall. Comparison of 
questionnaires with monitoring and automatic recording 
of any activity” showed that both methods were effective 
measures of physical activity, with surveys tending to as- 
sess somewhat better the intensity component of energy 
expenditure. Mail survey of physical activity also corre- 
lates reasonably well with measured physical fitness.” 
This study is, to our knowledge, the first epidemiologic 
investigation to report results on the effect of physical ex- 
ercise in the etiology of Parkinson’s disease. We therefore 
cannot yet compare our results with those of others. 
However, the association between all-cause mortality and 
physical fitness has been studied.**! Although few of our 
results are statistically significant, they follow a consistent 
pattern, which can best be described as suggesting a 
U-shaped relationship. Whereas having practiced a mod- 
erate amount of physical activity is related to a slightly 
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Table 4.—ORs and 90% CLs for Parkinson’s Disease and Energy Expenditure in Adulthood, 
Before Occurrence of Disease* 

































Exposure Controls OR 90% CL Logistic OR 90% CL 
Energy expenditure from 
climbing of stairs and 
walking, kJ/wkt 
=2100 23 87 1 Bae. 1 apes 
2101-3175 13 70 0.70 0.37, 1.3 0.66 0.34, 1.3 
3176-4825 16 73 0.83 0.46, 1.5 0.84 0.44, 1.6 
24826 17 75 0.86 0.48, 1.5 0.88 0.48, 1.6 
Not available 25 71 aor Pas Eea 
Energy expenditure from 
practice of sports, kJ/wkł 
None 36 144 1 ai 1 Spas 
1-6930 10 54 0.74 0.39, 1.4 0.87 0.45, 1.7 
6931-15 119 12 56 0.86 0.47, 1.6 0.93 0.49, 1.8 
=15 120 13 49 1:1 0.58, 1.9 5 0:73;.2:9 
Not available 23 73 PE aa b Av 
Summary energy expenditure 
kJ/wk§ 
<2100 10 38 1 ine 1 is 
2101-5060 18 82 0.83 0.40, 1.7 0.87 0.41, 1.8 
5061-13 376 18 81 0.84 0.41, 1.7 0.98 0.45, 2.2 
213 377 21 82 0.97 0.48, 2.0 1.2 0.56, 2.6 
Not available 27 93 iby 6 i>] 


*OR indicates odds ratio; CL, confidence limit. The ORs in the first column are crude stratum-specific. For explanation of logistic OR, 





see Table 2. Categories are defined according to tertiles of distribution among controls. 
ty = —0.355, two sided P= .723, based on four levels, with the lowest category of energy expenditure as reference level and score values 


of 0, 1, 2, and 3 in order of increasing exposure. 
+x = — 0.032, two-sided P=.975. 
§x =0.106, two-sided P= .916. 


reduced risk of Parkinson’s disease, this effect disappears 
at higher levels of physical expenditure. 

It could also be argued that people who subsequently 
suffer Parkinson’s disease may have a prolonged subclin- 
ical phase before the onset of overt symptoms. During this 
period, they may be able to function quite normally as far 
as normal daily activity is concerned but are impaired 
when required to perform demanding physical move- 
ments and therefore do not participate in varsity sports. 
Although we do not know the precise duration of the 
preclinical phase of Parkinsons disease, it is unlikely that 
it can go back as far as college years and, therefore, the 
negative association seen then cannot be explained by this 
kind of selection mechanism of subjects practicing sports. 
As mentioned earlier, we specifically limited the analysis 
of the effect of adulthood exercise to subjects for whom we 
were sure the collection of information on physical activ- 
ity was before the occurrence of disease, again to reduce 
the impact of potential preclinical conditions. We are 
convinced that our results are truly indicative of a possi- 
ble protective effect of physical activity. 

Catecholamines are known to play a role during 
muscular activity and can be measured in the blood** 
but not directly in the central nervous system. When 
Parkinson’s disease is well established, muscular activ- 
ity is reduced. With physical therapy, some improve- 
ment may be obtained; in particular, the rigidity may 
be lessened.” 

During exercise, muscle metabolism and muscle 
strength are affected among patients with Parkinson’s 
disease.“ In addition, the motor unit control is per- 
turbed,* and in some patients, there is also an abnor- 
mally high gain of long-latency myotactic pathway.” 
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During physical exercise, one observes increasing lev- 
els of catecholamines, noradrenaline, adrenaline, and 
dopamine in peripheral blood. With training, the rate 
of increase of dopamine secretion is reduced,#* and 
during intense exercise, dopamine levels remain sta- 
ble.*? Therefore, the curves of dopamine secretion ac- 
cording to the level of physical exercise and the rela- 
tionship of physical activity with Parkinson’s disease 
can be considered as mirror images. Moderate exercise 
leads to higher levels of dopamine, which could be 
protective against the development of Parkinson’s dis- 
ease. In contrast, intense activity does not add any 
further protection and may in fact be detrimental. This 
finding can be linked to the limiting effect of exercise 
on dopamine levels, which with training and during 
intense exercise do not further increase but in fact 
remain stable or are even produced at a reduced 
rate. Unfortunately, the origin and regulation of cir- 
culating dopamine levels are still poorly understood.” 
Experimental evidence is also limited. One study, car- 
ried out in rats, showed that the concentrations of 
dopamine and one of its metabolites increased in the cau- 
date and accumbens nuclei during exercise, with dopa- 
mine metabolism in these two brain sites being affected by 
different components of movement.” In monkeys, the 
participation of the pallidum in “voluntary” or instru- 
mental limb movements has been demonstrated.” 
Further experimental, as well as epidemiologic, stud- 
ies are needed to shed more light on the possible 
association between physical activity and subsequent 
risk of Parkinson’s disease. The negative association 
with moderate activity disappearing with more intense 
exercise remains tentative. Hopefully, this report will 
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stimulate further research to clarify whether the associ- 
ation actually exists. 
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Normal-Pressure Hydrocephalus 


Is Cisternography Still Useful in Selecting Patients for a Shunt? 


Jan Vanneste, MD; Paul Augustijn, MD; Gareth A. G. Davies, FRCR; Clemens Dirven, MD; Wee Fu Tan, MD 


@ The clinical usefulness of cisternography in selecting pa- 
tients with presumed normal-pressure hydrocephalus for 
shunting was investigated in 76 patients. The predictive 
value of a scale based on combined clinical and computed 
tomographic criteria was first established, followed by an 
assessment of the predictive value of cisternography. Pre- 
dictions based on cisternograms were identical to those of 
the clinical/computed tomographic scale in 43%, better in 
24%, and worse in 33%. Our findings suggest that cister- 
nography does not improve the diagnostic accuracy of 
combined clinical and computed tomographic criteria in 
patients with presumed normal-pressure hydrocephalus. 
(Arch Neurol. 1992;49:366-370) 


N ormal-pressure hydrocephalus (NPH) combines a 

clinical triad consisting of gait disturbances, mental 
deterioration, and urinary incontinence with chronic hy- 
drocephalus due to impaired circulation of the cerebrospi- 
nal fluid (CSF) and normal pressure on lumbar puncture. '* 
One of the techniques used to detect disturbed CSF circu- 
lation in NPH is cisternography, with intrathecal injection 
of either a radioactive isotope (isotope cisternography)** 
or nonionic contrast material and serial computed tomo- 
graphic (CT) scanning (CT cisternography).”* 

The usefulness of cisternography in selecting patients 
with presumed NPH for shunting remains controversial. 
Some publications on NPH described the test as useful in 
providing additional information,*"’ but many others 
found that the predictive accuracy of cisternography was 
low or even did not use the test.'** Despite this, cister- 
nography remains one of the most popular tests in 
detecting NPH.” One of the reasons may be that most 
clinicians have no access to more predictive but techni- 
cally complex tests, and that performing cisternography 
is better than making a therapeutic decision on the basis 
of clinical and CT criteria alone. In this study, we aimed 
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at investigating this assumption by calculating the addi- 
tional predictive value of cisternography, as many inves- 
tigators calculated its predictive value but, to the best of 
our knowledge, did not investigate whether cisternogra- 
phy would increase the diagnostic accuracy of combined 
clinical and CT criteria. 


PATIENTS AND METHODS 
Patients 


The medical charts of all patients who underwent shunting 
between 1980 and 1989 for presumed NPH in the four neurosur- 
gical departments of Amsterdam (the Netherlands) were re- 
viewed. Assessment of the clinical data included the cause of 
NPH, time of onset, rate of progression and severity of gait dis- 
order, mental impairment, and bladder dysfunction; predomi- 
nance of one of the three “classic” signs; the presence of signs 
not consistent with NPH; evidence of cerebrovascular disease; 
presence of other diseases explaining (at least partially) the clin- 
ical picture; and coexisting diseases affecting the general condi- 
tion. Data on the clinical outcome after shunting surgery were 
collected from the medical records, and, in cases of doubt, the 
notes of the nursing staff were also reviewed and the patients, 
their family, or the general practitioner were telephoned to pro- 
vide additional information. 


CT Scans 


The following measurements were made: frontal horn index 
(the ratio between the maximal width of the frontal horns and 
the width of the whole brain at the same level); roundness of the 
frontal horns (0, not rounded; 1, slightly rounded; and 2, mark- 
edly rounded); lateral ventricle index (the ratio between the 
width of the lateral ventricle at the level of the pars centralis and 
the width of the whole brain at the same level); third ventricle 
index (the maximal width of the third ventricle divided by the 
width of the brain at the same level); and width of the temporal 
horns, expressed as follows: grade 0, not seen; grade 1, slightly 
enlarged; and grade 2, markedly enlarged. Convexity sulci were 
graded as not present (0), present (1), enlarged (2), or markedly 
enlarged (3); the fourth ventricle was rated as normal or 
enlarged. Periventricular frontal or occipital lucencies were 
noted as present or absent. The presence of white-matter lucen- 
cies (WMLs) was rated as follows: no lucencies, 0; discrete and 
sporadic WMLs, 1; moderate WMLs, 2; and pronounced and 
diffusely distributed WMLs, 3. Stages 2 and 3 were considered 
consistent with subcortical arteriosclerotic encephalopathy. La- 
cunar lesions in the white matter were separately recorded. Dif- 
ferentiation of periventricular transependymal CSF effusion 
from subcortical arteriosclerotic encephalopathy was based on 
defined criteria.” 
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Cisternography 

Allavailable cisternographies were reassessed with “blinding” 
to the original reports. In cases of controversy or doubt concern- 
ing the original reports, a third independent opinion was 
obtained. Isotope cisternograms were carried out with either io- 
dinated I 131 serum albumin or indium In 111 pentetate. The CT 
cisternograms consisted of lumbar intrathecal injection of water- 
soluble nonionic contrast material (metrizamide, iopamidol, or 
iohexol). The results of the radioisotope and CT cisternograms 
were combined because these two methods provide similar in- 
formation on CSF flow.?**! 

The concentration of the isotope or the contrast material in the 
ventricles, the sylvian fissure, and the parasagittal areas was es- 
timated visually 6, 24, and 48 hours after injection and classified 
as (1) slight, (2) moderate, or (3) marked. Cisternograms of poor 
technical quality or containing insufficient information (eg, last 
views only 24 hours after contrast injection) were excluded. 


Predictive Value of the Clinical/CT Scale 


The preoperative clinical data and CT measurements were 
combined into an ordinal global clinical/CT scale with blinding 
to the results of ancillary tests and to the outcome after shunt- 
ing. This scale was established by combining a number of clin- 
ical and CT variables because a recent study on management of 
NPH had confirmed our presumption that most neurologists 
base their therapeutic decisions mainly on clinical and CT infor- 
mation combined in a global estimation.” 

We thus established the categories of a clinical/CT scale by 
combining clinical and CT variables that, according to the 
appropriate literature and our own experience, seemed to be the 
most reliable predictors in selecting patients for a shunt. For ex- 
ample, it is now commonly accepted that gait impairment as the 
first or predominant sign increases the probability of NPH. As 
Feinstein” suggested, we found that a global scale may be a 
“satisfactory compromise between consistency needed for gen- 
eral science, suitability needed for clinical communication and 
simplicity needed for pragmatic clinical usage.” 

The clinical/CT scale contained three categories, expressing 
the degree of probability that a patient would improve after a 
shunt (shunt-responsive NPH [SR-NPH]); SR-NPH was consid- 
ered (1) probable, (2) possible, or (3) improbable. Criteria used 
to allocate patients to one of the three categories were as follows. 

Probable SR-NPH.—Clinical criteria included the combination 
of the following characteristics: gait disturbances that predom- 
inated or were the first sign; mental impairment ranging from 
not clinically present to moderate; and absence of another dis- 
ease that might explain the clinical symptoms. 

The presence of urinary incontinence, known cause, and rapid 
clinical progression further increased the probability of NPH but 
were not necessary to allocate a patient to this category. 

The CT criteria included the combination of rounded frontal 
horns plus at least moderate ventriculomegaly (frontal horn in- 
dex, 0.40 or higher) plus absence of severe cortical atrophy (Sulci, 
0 or 1) plus absence of severe WMLs. Marked enlargement of the 
temporal horns and third ventricle further increased the proba- 
bility but was not a necessary feature. A frontal horn index of 
0.40 or more was chosen because, before this study, we had had 
unfavorable experiences with shunting in patients with only 
slightly dilated ventricles. A frontal horn index of 0.40 was cho- 
sen as the arbitrary cutoff point between slightly and moderately 
enlarged ventricles. 

Possible SR-NPH.—This category included all patients who 
could not be classified as having probable or improbable SR- 
NPH, eg, the CT displayed moderate or pronounced WMLs, but 
it was not sufficient to explain severe ventriculomegaly. Possi- 
ble combinations of two diseases, such as subcortical arterio- 
sclerotic encephalopathy and NPH or Alzheimer’s disease and 
NPH, were ranked in this category. 

Improbable SR-NPH. —Clinical criteria included one of the fol- 
lowing characteristics: absence of gait disturbances; marked 
predominance of dementia; dementia characterized by predom- 
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inance of cortical dysfunction, such as aphasia or agnosia; and 
presence of another disease explaining the total clinical picture 
(eg, subcortical arteriosclerotic encephalopathy). 

The CT criteria included one of the following variables: only 
slightly dilated ventricles (frontal horn index, <0.40); marked 
cortical atrophy (grade 3); or moderate or severe WMLs without 
concomitant ventricular enlargement out of proportion to the 
degree of white-matter involvement. The presence of one of 
these clinical or CT characteristics was sufficient to consider SR- 
NPH improbable. 


Predictive Value of Cisternography 


The cisternographic criteria to predict the outcome after a 
shunt were derived from previous investigations on NPH pro- 
viding detailed data on cisternography.*** As for the clinical/CT 
scale, all cisternograms were classified on an ordinal scale con- 
taining three classes, depending on the probability of SR-NPH 
determined by the cisternographic patterns. Allocation to one of 
the classes was carried out with blinding to the results of surgery. 
The three classes were defined as follows. 

Probable SR-NPH.—This was defined as (1) communicating 
hydrocephalus with marked reflux of contrast or radioactive iso- 
tope in the ventricles for 48 hours or more, and absent parasag- 
ittal accumulation of the tracer; or (2) absence of contrast within 
the ventricles (with exception of the fourth ventricle) despite a 
marked hydrocephalus, suggestive of aqueduct stenosis.* 

Possible SR-NPH. —This was defined as persistence of moder- 
ate or marked ventricular reflux for at least 48 hours, but also ac- 
cumulation of the tracer in the parasagittal areas. 

Improbable SR-NPH.—This was defined as (1) transient ven- 
tricular reflux, with substantial decrease after 24 hours and slight 
or no intraventricular contrast after 48 hours; and (2) all other 
cisternographic patterns, not ranked into the probable or possi- 
ble categories, including cisternograms with prolonged stasis of 
contrast at the convexity but only transient ventricular reflux, ie, 
less than 48 hours. 


Recategorization of the Cisternographic Patterns 


Many clinicians might object that our cisternographic criteria 
were too rigorous and that they would have ranked “possible 
SR-NPH” as “probable SR-NPH.” Therefore, we carried out a 
second analysis by reclassifying all “possible SR-NPH” into the 
category “probable SR-NPH.” 


Additional Predictive Value of Cisternography 


This value was assessed by calculating the number of patients 
in whom predictions based on the cisternographic findings 
would have led to a better therapeutic decision than that based 
on the clinical/CT scale alone. Four examples are described below. 

1. A patient considered to have possible SR-NPH on the basis 
of the clinical/CT scale improved after a shunt; he would have 
benefited from cisternography if this test had categorized him as 
having probable SR-NPH (true-positive test result). 

2. In the same patient, a cisternogram classified as improbable 
SR-NPH would have favored a wrong decision by withholding a 
suitable candidate from shunting (false-negative test result). 

3. In an unimproved patient with possible SR-NPH on the 
clinical/CT scale, a cisternographic pattern of probable SR-NPH 
would have had a negative impact (false-positive test result). 

4. A cisternographic pattern of improbable SR-NPH in the 
same patient would have been beneficial by withholding him 
from unsuccessful surgery (true-negative test result). 

When the categories of both clinical/CT and cisternographic 
scales were the same, we considered that cisternography would 
not have provided useful additional information. 


Additional Predictive Value in Communicating NPH 


It could be said that noncommunicating hydrocephalus may 
be diagnosed easily on the basis of clinical and CT features and 
that performing cisternography would be redundant in such 
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cases. We thus performed a separate analysis of the value of cis- 
ternography in communicating hydrocephalus. 


Evaluation of Clinical Outcome After a Shunt 

Details on how we categorized gait, mental impairment, and 
postsurgical outcome have been described elsewhere.” In brief, 
improvement was ranked on a scale containing three categories: 
no, slight, or substantial improvement. To consider a patient 
slightly improved, he or she had to display persistent improve- 
ment of gait disturbance of at least one grade (five grades pos- 
sible), decreased mental impairment of at least one grade (four 
grades possible), or both. Substantial improvement implied 
amelioration of at least two grades of gait disturbance, mental 
impairment, or both. When the clinical information did not per- 
mit us to categorize gait and mental impairments reliably on or- 
dinal scales, clinical evidence that slight or substantial improve- 
ment had occurred had to be confirmed by two independent 
assessors, eg, the nursing staff and the family. For the purposes 
of this study, we grouped the two grades of improvement into 
one category, to avoid too many subgroups containing small 
numbers of patients. The category of unimproved patients con- 
tained also those with postoperative deterioration. 


RESULTS 
Patients 


One hundred sixty-six consecutive patients with pre- 
sumed NPH underwent shunting between 1980 and 1989 
in the four neurosurgical departments of Amsterdam. 
Fourteen patients were excluded because they were un- 
available for follow-up (n= 10) or because they had a con- 
comitant neurologic disease that might have interfered 
with NPH (n=4). To calculate the predictive value of 
combined clinical and CT data, another 40 patients had to 
be withdrawn because of insufficient preoperative data 
(n=15), unavailable CT scans (n= 20), or both (n=5). Of 
the remaining 112 patients, 94 underwent cisternogra- 
phy. From 12 patients cisternograms were not available 
for reevaluation; in seven cases they were technically in- 
sufficient. Thus, 75 patients with sufficient information 
on presurgical clinical data, CT scans, cisternograms, and 
postsurgical outcome remained for further analysis. 
Eleven patients (15%) had noncommunicating NPH and 
64 had either secondary or idiopathic communicating 
NPH. The median age was 70 years (range, 54 to 81 years); 
39 patients were men. 

Distribution of postsurgical outcome in the 75 patients 
was as follows: marked improvement in 23%, some 
improvement in 14%, and no change or postoperative 
worsening in 63%. This distribution was similar to that of 
the whole group studied (substantial improvement in 
21% and some improvement in 15%) and to that of the 112 
patients in whom a clinical/CT scale could be established 
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(substantialimprovement in 25% and slight improvement 
in 12%). The distribution of the three categories of 
predictive probabilities based on the clinical/CT scale was 
also similar; in the 112 patients in whom it could be 
assessed, probable SR-NPH was seen in 34% (95% confi- 
dence interval [CI], 25% to 43%), possible SR-NPH in 33% 
(95% CI, 24% to 42%), and improbable SR-NPH in 35% 
(95% CI, 26% to 45%). In the present group of 75 patients, 
there were similar values: 33% (95% CI, 23% to 45%), 37% 
(95% CI, 26% to 49%), and 30% (95% CI, 20% to 42%), re- 
spectively. 

Consequently, although less than 50% of the initial 
group remained for further evaluation of cisternography, 
there was no selection bias concerning the distribution of 
clinical probabilities and postsurgical outcome. 

Among patients with cisternographically probable SR- 
NPH (n=32), 11 had noncommunicating NPH, mainly 
due to aqueduct stenosis (10/11), and 21 had communi- 
cating NPH. All patients with possible SR-NPH (n=11) 
and improbable SR-NPH (n =32) had idiopathic commu- 
nicating NPH. 


Additional Predictive Value of Cisternography 


Table 1 shows the correlations between the clinical/CT 
scale, the cisternographic scale, and the postsurgical out- 
come. 

When management had consisted of shunting for cis- 
ternographically probable SR- NPH, not shunting for im- 
probable SR-NPH, and taking no action in possible 
SR-NPH, prediction of cisternography would have been 
accurate in 37 patients (49%; 95% CI, 38% to 61%). Calcu- 
lating the additional predictive value of cisternography 
provided the following percentages: no additional infor- 
mation in 33 patients (44%; 95% CI, 33% to 56%); a better 
prediction in 18 patients (24%; 95% CI, 15% to 35%) (in 13 
of these patients, cisternography would have favored the 
decision of not performing shunting in patients who did 
not improve [true negatives], and in five the test better 
predicted shunt effectiveness than did the clinical/CT 
scale [true positives]; and a worse prediction in 24 patients 
(32%; 95% CI, 22% to 44%) (in 14 of these, the test would 
have favored shunting in unimproved patients [false 
positives], and in 10 the test would have increased the re- 
luctance to perform shunting in candidates who did im- 
prove after surgery [false negatives]). 


Recategorization of Cisternographic Patterns 


Table 2 correlates the clinical/CT and cisternographic 
scales, and the postsurgical outcome, after all cisterno- 
graphic possible SR-NPH was reclassified as probable 
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Table 2.—Correlations of Clinical/Computed Tomographic (CT) Scale, Cisternography (Two Categories*), and 
Postsurgical Outcome 


Determination by Clinical/CT Scale, No. 







































tSame prediction (n= 34). 
#Better prediction with cisternography (n= 18). 
§Worse prediction with cisternography (n =23). 


I L 
Improved (n=28) Unimproved (n =47) 
Cisternographic PASES = = 1 Total, 
Determination Probable Possible Improbable Probable Possible Improbable No. (%) 
Probable 13t 5t 1t 7t 10§ 7§ 43 (57) 
Improbable 3§ 3§ 3t 24 104 11t 32 (43) 
Total 16 8 4 9 20 18 75 (100) 


*The “Probable” category includes both “Possible” and “Probable” from Table 1. 
















Table 3.—Correlations of Clinical/Computed Tomographic (CT) and Cisternography Scales in 
Communicating Hydrocephalus 


Determination by Clinical/CT Scale, No. 





— 
Improved (n=19) 








Cisternographic l rJ. 
Improbable 


Determination Probable Possible 


Unimproved (n =45) 





Total, 
No. (%) 


ar el 


í 
Probable Possible Improbable 





Probable 
Possible 
Improbable 
Total 
*Same prediction (n =24). 


tBetter prediction with cisternography (n=17). 
Worse prediction with cisternography (n =23). 


SR-NPH. Quite similar predictive values would have been 
obtained: no additional information in 34 patients (45%; 
95% CI, 34% to 57%), better predictions in 18 (24%; 95% 
CI, 15% to 35%), and worse predictions in 23 (31%; 95% 
CI, 21% to 42%). 


Additional Predictive Value in Communicating NPH 


Table 3 correlates predictions of the clinical/CT scale 
with those of cisternography in the subgroup of commu- 
nicating NPH. In this subgroup with higher diagnostic 
uncertainty and a lower rate of improvement, cisternog- 
raphy had no additional predictive value, the number of 
worse predictions (n =23) remaining higher than that of 
better predictions (n=17). 


COMMENT 


Most investigators and experts in the fields of CSF hy- 
drodynamics, NPH, and treatable dementia have aban- 
doned cisternography as a diagnostic procedure.!%2!% 
This contrasts with common practice, as most clinicians 
still use cisternography to obtain additional diagnostic in- 
formation; in a recent survey on management of NPH, we 
found that 50% of the neurologists interviewed still used 
cisternography to decrease diagnostic uncertainty, and 
that many believed that the pattern of ventricular reflux for 
24 or 48 hours increased the probability of SR-NPH.* 

The main reasons that cisternography is still in vogue 
may be that complex and often invasive techniques with 
a higher predictive value are inaccessible to most centers, 
and that many clinicians believe that cisternography is 
still valuable to decrease the diagnostic uncertainty re- 
maining after clinical and CT assessment, especially when 
the effect of one or more CSF taps was inconclusive. 
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6+ 5+ 
3 24 


21 (33) 
11 (17) 
32 (50) 


19 18 64 (100) 





In the present series, it was striking that only 14 of the 
32 patients with cisternograms classified as showing prob- 
able SR-NPH improved. This contrasts with the findings 
of Black et al,* who noted that a “positive” test may be 
helpful. This high rate of false-positive results suggests 
that there is no “classic” cisternographic pattern of NPH. 

It was also remarkable that in five patients displaying 
clinical and CT characteristics highly suggestive of hy- 
drocephalus ex vacuo associated with cerebral degenera- 
tive disease, a cisternographic pattern suggestive of 
probable SR-NPH was found. This does not confirm the 
opinion that, in cerebral atrophy, ventricular reflux is fre- 
quent but does not persist for 48 hours. 

As has been previously demonstrated,* the rate of 
false-negative results was also disappointingly high; 
avoiding shunting in all patients with improbable SR- 
NPH would have led to withholding 28% of this subgroup 
from a successful surgical procedure. 

Another point of discussion is that cisternography may 
have been useful in the subgroup of patients with 
communicating NPH, as this is the group leaving the cli- 
nician with the highest diagnostic uncertainty after clin- 
ical and CT evaluation. Table 3 shows that, even in this 
group, cisternography would have led to more wrong 
than right therapeutic decisions. 

To reduce biases associated with retrospective studies, 
we carried out this study in a “retrolective”’ way”; 
although this is a retrospective cohort study, we prospec- 
tively evaluated the predictive value of clinical/CT and 
cisternographic scales by assessing these with blinding to 
the results of other ancillary tests and to the postsurgical 
outcome. We tried to avoid a selection bias by including 
all available cisternograms of all patients receiving shunts 
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from 1980 to 1989; in addition, we calculated that the 
group of 75 patients was a representative sample of the 
total group, at least concerning distributions of clinical 
profile and postsurgical outcome. 

Taking further methodologic limitations into account, 
our study confirmed not only that the predictive value of 
cisternography is low, but also that this test has no 
advantage over selecting patients for a shunt on the basis 
of combined clinical and CT data alone. 

Hence, even in centers not having access to technically 
complex and invasive tests, cisternography does not ap- 
pear to be a clinically useful diagnostic procedure. Lars- 
son et al”? recently reported on the merits of quantitative 
isotope cisternography, consisting of calculating the ratio 
of ventricular stasis of the isotope to the total amount of 
intracranial radioactivity, but this study still needs redu- 
plication by others. Cisternography will probably be 
abandoned, as diagnostic facilities have been expanded 
with magnetic resonance imaging, including quantitative 
assessment of CSF flow,” measurements of periventric- 
ular water proton relaxation times,“ and the ventricular/ 
convexity CSF ratio.” Validation by prospective studies 
with blind evaluation of MR patterns, however, is still 
needed. Some promising results with cerebral blood flow 
studies® in detecting SR-NPH also await validation in 
other centers. 

Our study suggests that, in the mean time, cisternog- 
raphy should no longer be performed, as it will not reduce 
the diagnostic uncertainty remaining after clinical and CT 
evaluation. 


We thank all our colleagues from North-Holland, who permitted 
us to study the medical records of their patients and provided addi- 
tional information. We are also indebted to Hans van Crevel, MD, and 
Jan Stam, MD, and Albert Hijdra, MD, for their critical comments. 
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The Columbia University Scale for Psychopathology 
in Alzheimer’s Disease 


D. P. Devanand, MD; Lisa Miller; Marcus Richards, PhD; Karen Marder, MD, MPH; Karen Bell, MD; 
Richard Mayeux, MD; Yaakov Stern, PhD 


@ The Columbia University Scale for Psychopathology in 
Alzheimer’s disease is a new screening instrument devel- 
oped for use by clinicians or trained lay interviewers. Inter- 
rater reliability was established between a psychiatrist and 
a lay interviewer in 20 patients. In an independent sample 
of 91 outpatients with very mild to moderate probable 
Alzheimer’s disease, caregiver informants reported that de- 
pressed mood was common (46.2%) but rarely persistent 
(2.2%), and that sleep disturbance occurred frequently 
(41.8%) but was never severe (0%). There were significant 
but weak associations between the presence of specific 
subtypes of delusions and severity of dementia. Although a 
variety of delusional symptoms were reported, they were 
frequently transient and patients often accepted the truth if 
corrected by the caregiver. As a result, few patients met 
broad or narrow operational criteria used to define delu- 
sions. Prior studies may have overestimated the prevalence 
of psychotic features in Alzheimer’s disease by not employ- 
ing standard definitional criteria. The findings also indicate 
that new methodology such as that employed in this instru- 
ment needs to be evaluated more widely. 
(Arch Neurol. 1992;49:371-376) 


ele behavioral disturbances, and depressive 
symptoms occur frequently in patients with Alzhe- 
imer’s disease (AD),'? are distressing to patients and care- 
givers,’ are often treated with psychotropic medica- 
tions,*° and may be associated with the likelihood of 
institutionalization.® Recent instruments that have been 
developed to evaluate psychopathology in AD rely on the 
use of trained clinician interviewers.”’ We developed the 
Columbia University Scale for Psychopathology in Alzhei- 
mer’s Disease (CUSPAD), a short semi-structured instru- 
ment that can be administered by a trained lay interviewer 
for use in cross-sectional and long-term follow-up studies. 
Particular emphasis was placed on the use of specific 
follow-up questions to help establish operational defini- 
tions for the presence of psychotic features in AD, since 
this has been lacking in prior instruments of this type. We 
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describe interrater reliability between a lay interviewer 
(L.M.) and a research psychiatrist (D.P.D.), divergent va- 
lidity, prevalence of symptoms, and relations between 
scale items and severity of dementia as assessed by cog- 
nitive function and ability to perform activities of daily 
life. 


SUBJECTS AND METHOD 
Scale Development and Design 


A few items were adapted from existing instruments? and 
other items were developed de novo by the principal developer 
(D.P.D.) and other research personnel (Y.S. and M.R.). An ear- 
lier version of the scale was piloted before the current version 
was finalized. The scale takes approximately 10 to 25 minutes to 
administer to an informant, and focuses on symptoms during 
the past month. There is a single explicit question for each item 
to facilitate its use by lay interviewers. 

Operational definitions for delusions, hallucinations, and 
illusions were based on standard definitional criteria for these 
symptoms.® The informant’s report of the patient’s behavioral 
response, if any, is taken into account to score psychotic symp- 
toms. Psychotic symptoms in Alzheimer’s disease are known to 
be different from those seen in other psychotic disorders.” More 
critically, delusions are frequently transient, and patients with 
AD will often accept the truth if corrected by the caregiver, even 
though the same symptom may recur shortly thereafter as a re- 
sult of amnesia. These features can make it difficult to ascertain 
the presence of a “true” delusion fulfilling traditional definitional 
criteria. Hence, in the CUSPAD, the initial question for each 
type of delusion is scored dichotomously (present/absent). If a 
delusional symptom is present, two additional questions are 
asked. The first follow-up question inquires if the delusion is 
persistent (more than three times per week) or transient, and the 
second question inquires if the patient accepts correction of the 
false belief from the caregiver. A “broad” definition of a delusion 
is met when the patient does not accept the caregiver's correc- 
tion of the false belief/idea, while a “narrow” definition of a de- 
lusion is met when the patient does not accept the caregiver's 
correction of the false belief/idea and the symptom is persistent, 
ie, occurs more than three times per week. 

Hallucinations, if present, are rated as “vague” or “clear.” This 
approach to rate hallucinations was adopted a priori because this 
interview relies solely on the informant’s report, and patients are 
known to manifest behaviors that are often difficult to interpret 
clearly as hallucinations. Illusions are rated similarly to halluci- 
nations. 

Wandering, verbal outbursts, violence, agitation, and sun- 
downing constitute the items for behavioral disturbance that are 
scored as present or absent. Items for depression include 
depressed mood, difficulty sleeping and change in appetite, and 
are scored on a 5-point scale to ascertain frequency and severity 
of these symptoms. Since the interview was developed prima- 
rily as a screening instrument, the addition of more items was 
not entertained. 


Alzheimer’s Disease—Devanand et al 371 


Table 1.—Interrater Reliability for Presence/Absence 
of Symptoms 


Kappa Coefficient 





















Conjoint 
Interviews 


Independent 


Symptom Category Interviews 





Delusions 
Present/absent 
Persistent/transient 

Accepts truth 74 54 
Hallucinations 





Illusions 
Behavioral disturbance 


Depression 


Subjects 

Subjects were outpatients attending a memory disorders 
clinic, and met the Diagnostic and Statistical Manual of Mental Dis- 
orders, Revised Third Edition criteria for primary degenerative de- 
mentia of the Alzheimer type and National Institute of Neuro- 
logical Disorders and Stroke—Alzheimer’s Disease and Related 
Disorders Association criteria for probable AD." Exclusion crite- 
ria were alcohol or drug dependence during the 5 years prior to 
the first clinic visit, primary affective disorder within 1 year prior 
to onset of dementia, and history or clinical evidence of other 
causes of dementia excluded by differential diagnostic work-up 
including detailed neurologic and psychiatric evaluation, com- 
puted tomographic scan of the brain (or magnetic resonance im- 
aging if clinically indicated), electroencephalogram, relevant 
blood studies, and cerebrospinal fluid studies if indicated. Reli- 
ability was assessed by interviewing informants from a group of 
20 patients with AD at all stages of severity. As part of a base- 
line evaluation in a longitudinal follow-up study, the trained lay 
interviewer conducted informant interviews in an independent 
sample of 91 AD patients with mild to moderate dementia (Clin- 
ical Dementia Rating of 1 or 2)."' All 91 patients were free of psy- 
chotropic medication at the time of evaluation. 


RESULTS 
Reliability 

The scale was administered to an informant. After a brief 
piloting phase in seven patients to establish initial agree- 
ment on rating criteria, interrater reliability was evaluated 
between a trained lay interviewer (L.M.) and a research 
psychiatrist (D.P.D.) experienced in the evaluation of pa- 
tients with AD. First, the lay interviewer conducted 10 in- 
terviews with the psychiatrist present in the room, and the 
tworaters subsequently completed scoring for the scale in- 
dependently. Second, the lay interviewer and the psychi- 
atrist conducted 10 back-to-back independent interviews 
in an independent sample. Rates of agreement were cal- 
culated by the kappa coefficient, which measures the ratio 
of the observed agreement beyond chance to the potential 
agreement beyond chance, with a kappa of 1.0 represent- 
ing complete agreement beyond chance and a kappa of 0 
indicating agreement at the chance level. Interrater reli- 
ability was high for independent ratings from conjoint in- 
terviews (kappa’s ranging from .74 to 1.0, Table 1). Reli- 
ability was also high for the independent interviews that 
were conducted back-to-back with the same informant 
(kappa’s ranging from .54 to .73), with the exception of the 
rating for a delusion being persistent or transient where 
the two raters agreed in seven of 10 cases (kappa = .30). 
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Table 2.—Demographic Characteristics of the Sample 
(91 Outpatients With AD)* 


Demographics Mean SD Minimum Maximum 


Sex, % female 56 

Age, y 70.8 8.3 49 86 
Age at onset, y 67:2 8:6 46 84 
Duration of illness, y 3.5 18 1 9 
Presenile onset, % 29% 

Education, y 133 _ 3.7 if 20 


mMMSE 
BDRS 


36.3 
3.8 








*AD indicates Alzheimer’s disease; mMMSE, modified Mini- 
Mental State Examination, maximum score 57; and BDRS, Blessed 
Dementia Rating Scale part 1 (functional activity component only). 


Patient Demographics 


The mean age was 72.09 years (SD, 9.77), 29% of 
patients had their onset of illness before age 65 years, and 
65% were women (Table 2). Patients with presenile onset 
did not differ from those with senile onset on measures 
of cognitive function (modified Mini-Mental State Exam- 
ination [nMMSE], maximum score, 57)” or on ability to 
perform activities of daily life (Blessed Dementia Rating 
Scale part 1 [BDRS]),’° although it must be emphasized 
that the range of severity of dementia was restricted a 
priori in this sample. 


Divergent Validity 


For the 91 subjects, scores for presence (score = 1) or 
absence (score = 0) of relevant items were summed to ob- 
tain several continuous measures: paranoid delusions, 
misidentification delusions, all delusions combined, hal- 
lucinations, all items for psychosis, behavioral distur- 
bance, depression, and the sum of all scale items. Neither 
behavioral disturbance nor depression correlated signifi- 
cantly with any subset of items for delusions (Table 3), 
and there was a low correlation between paranoid delu- 
sions and delusions of misidentification (r=.12). The 
weak correlations observed between item subsets suggest 
that they measure different entities that do not share 
much common variance. 


Prevalence of Delusional Symptoms 


Fifty percent of informants (27/54) who initially re- 
ported that the patient had no strange ideas subsequently 
responded positively to questions inquiring about specific 
delusions. The most common delusional symptoms re- 
ported as present were the idea that others were stealing 
from the patient (18.7%) and misidentification (12.1%). 
The least common delusional symptoms were the belief 
that the spouse was unfaithful (1.5%), and the belief that 
the patient’s image in a mirror was someone else (1.1%). 
There was a striking drop-off in prevalence for all delu- 
sional items when positive responses were followed up 
with questions to assess if the patient met criteria for a 
broad definition or narrow definition of a delusion (Table 
4). While 18.7% of patients had indicated to their infor- 
mants that they believed someone was stealing from 
them, only 13.2 % and 4.4% met the broad and narrow 
definitions of a delusion in this category, respectively. For 


Alzheimer’s Disease—Devanand et al 


Table 3.—Correlations Between Subsets of Items 
for Psychotic Features (Present/Absent Only) and 
Behavioral Disturbances or Depressive Symptoms 


Correlation Coefficient 
(Pearson’s r) 


Behavioral 
Disturbance Depression 


Presence of Psychotic Features, 
Sum of Item Scores 


Paranoid delusions 
Misidentification 

Sum score of all delusions 
Hallucinations 





Sum score of all psychotic items 


Table 4.—Prevalence of Delusional Symptoms 
in 91 Outpatients With AD of Mil 
to Moderate Severity* 









“True Delusion,” 

Present, % Total Sample 
TA aha eee | 
Total Broad Narrow 
Sample Definition Definition 


16.5 












Delusional Symptoms 













Strange ideas, general question 








Stealing from patient 18.7 13.2 5:5 
Spouse unfaithful TS 1.1 0 
Other unfounded suspicions 7.7 6.6 22 
Suspects abandonment 4.4 1.1 0 






6.6 
Stated someone home 6.6 5:5 22 


Somatic delusions 











Image in mirror is not patient USU At 0 
Misidentified people Iga 4.4 ‘tl 
Thinks own house is not home 5.5 2:2 0 
Television characters are real 3.3 et 1.1 






3.3 


*AD indicates Alzheimer’s disease. Broad definition of a true de- 
lusion: the patient does not accept the caregiver's correction of the 
false belief/idea, and the symptom may be persistent or transient. 
Narrow definition of a true delusion: the patient does not accept 
the caregiver's correction of the false belief/idea, and the symptom 
is persistent, ie, occurs at least three times per week. 


Other strange ideas 


the other common symptom of a misidentification delu- 
sion, the prevalence dropped from 12.1% to 4.4% (broad 
definition) and 1.1% (narrow definition), respectively. 
With the broad definition of a delusion, only one symp- 
tom occurred in more than 10% of the sample, namely, 
that someone was stealing from the patient. For the nar- 
row definition of a delusion, the prevalence rates were 
strikingly lower (Table 4). 


Other Symptoms 


Hallucinations, rated as “vague” or “clear,” were rarely 
reported. Auditory hallucinations occurred in 1.1% of 
patients, visual hallucinations in 4.4%, olfactory halluci- 
nations in 3.3%, and tactile hallucinations in 1.1% (Table 
5). Agitation was the most common behavioral distur- 
bance (46.2%), although it was reported as mild by most 
informants. Depressed mood (46.2%) and sleep distur- 
bance (41.8%) were also commonly reported, but few pa- 
tients had depressed mood “all the time” (2.2%) and none 
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Table 5.—Prevalence of Symptoms Other 
Than Delusions in 91 Alzheimer’s Disease Patients 
With Mild to Moderate Dementia 


Prevalence, 
Other Symptoms % 





Hallucinations 
Auditory 
Visual 
Olfactory 
Tactile 
Wandering 
Verbal outbursts 
Physical threats 
Agitation 
More confused at night 
Depressed mood 
Occasionally 
Some of the time 
Most of the time 
All the time 
Sleep difficulty 
Slight 


More than 2 hours sleep 
per night 


Less than 2 hours sleep 
per night 


Excessive sleep 
Change in appetite 
Slight 
No appetite 
Needs persuasion to eat 





Excessive appetite 


had severe sleep disturbance with less than 2 hours sleep 
per night (0%, Table 5). 


Relations to Demographic Variables 


Women scored higher on the summed score for the 
“presence” of paranoid delusions (t=3.1, P=.003) and 
the sum score for all delusions (t= 2.2, P<.05), but did not 
differ from men on cognitive performance (mMMSE) or 
functional activity (BDRS). Age showed a weak associa- 
tion with the presence of paranoid delusions (r=.21, 
P<.05), and correlated inversely with the presence of 
hallucinations (r= — .32, P= .002). Age at onset showed a 
strong inverse correlation with the presence of hallucina- 
tions (r= — .35, P<.001), but with none of the other mea- 
sures. There were no significant correlations between 
duration of illness and any of the measures examined. 
Education was inversely related to the presence of para- 
noid delusions (r= — 0.27, P<.01) and the sum of all items 
for psychosis (r= — .21, P<.05), but not to any of the other 
summed measures. 


Relations to Cognition and Functional Impairment 


Cognitive impairment as assessed by mMMSE scores 
showed significant inverse correlations with the presence 
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of delusions of misidentification (r= —.30, P=.004), sum 
of all items for delusions (r= —.30, P=.004), the sum of 
all items for psychosis (r — .32, P= .002), depressive symp- 
toms (r= —.27, P<.01), and sum total psychopathology 
scores (r= —.37, P<.001), but did not correlate signifi- 
cantly with paranoid delusions, hallucinations,or behav- 
ioral disturbance. Increasing cognitive impairment was 
associated with greater psychopathology. When the 
broad definition of a delusion was used to obtain summed 
scores for item subsets, all the associations held except for 
the relations between delusions of misidentification and 
mMMSE scores that were no longer significant. When the 
narrow definition of a delusion was used similarly, the 
only significant association obtained was an inverse rela- 
tionship between mMMSE scores and sum total psycho- 
pathology scores (r= —.28, P<.01). 

The sample was dichotomized into separate groups 
with very mild dementia (MMMSE +40, n=31) and mild 
to moderate dementia (mMMSE <39, n= 60). Using the 
summed scores from responses to the presence/absence 
items, patients with mMMSE scores of 39 or less reported 
more delusions of misidentification (t=2.1, P<.05) and 
more delusions overall (t=2.4, P<.05), as well as more 
depression (f=2.3, P<.05) than those with mMMSE 
scores of 40 or more. These associations with delusions of 
misidentification and delusions overall disappeared 
when the broad or narrow definitions for delusions were 
used to calculate the summed scores, with the exception 
of the sum total psychopathology score that was associ- 
ated with greater cognitive impairment (broad definition, 
t=2.24, P<.05; narrow definition, f=2.27, P<.05). 

Functional activity level as assessed by BDRS part 1 
scores (excluding behavioral and cognition items) were 
associated with the summed psychopathology scores 
when the presence/absence scoring for delusions was 
used (r=.30, P<.005), in the direction of increased psy- 
chopathology being associated with increased functional 
impairment. The BDRS scores correlated significantly 
with the presence of delusions of misidentification 
(r=.28, P<.01) and depressive symptoms (r=.24, 
P=.02), but not with any of the other summed scores for 
subsets of items for psychosis or behavioral disturbance. 
However, when delusions were restricted to the broad or 
narrow definitions, there were no significant correlations 
between BDRS scores and the item subsets for delusions 
and psychosis. 


COMMENT 


The CUSPAD is a new instrument that is quick and easy 
to use, yet provides valuable information about the psy- 
chopathology of the patient with AD. The good interrater 
reliability established between a lay interviewer (L.M.) 
and a research psychiatrist (D.P.D.) suggests that this 
scale is appropriate for use by trained lay interviewers. 
Informants frequently reported that the patient had no 
strange ideas, but subsequently answered positively to 
questions regarding specific delusions, suggesting that 
specific questions regarding delusional items are neces- 
sary to elicit symptoms. As described, for items pertain- 
ing to delusions, the new approach adopted proved to be 
valuable. First, it helped clarify the extent of “delusional- 
ity” for the lay interviewer, who indicated she might have 
otherwise have found it difficult to make this judgment in 
several instances where the initial presence/absence ques- 
tion was met by an ambiguous response from the infor- 
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mant. Second, there was a striking drop-off in prevalence 
for all delusional items when the two follow-up questions 
were used directly to define a delusion as broad or narrow 
(Table 4). In addition, the associations between measures 
of psychosis and both cognitive function (mMMSE) and 
functional impairment (BDRS) decreased when the broad 
or narrow definition of a delusion was used to compute 
item subset scores. This might be due to the smaller 
number of subjects who met these criteria for delusions 
and/or the restriction of range of severity of dementia in 
this sample. Nevertheless, these findings raise issues that 
merit further discussion. 

It is well known that the psychotic features exhibited by 
patients with AD are different from those seen in other 
psychoses such as schizophrenia, and that the presence 
of amnesia in AD may result in a situation where the pa- 
tient will accept the truth when corrected yet bring up the 
same delusional complaint at a later time.*” In addition, 
amnesia and related cognitive impairments may impact 
on the frequency with which a symptom is reported by 
the patient. These factors were taken into account in the 
design of the CUSPAD. The decline in prevalence rates 
with the broad and narrow definitions for delusions sug- 
gests that prior studies that did not clarify exactly how a 
“delusion” was defined may have overestimated the 
prevalence of delusions by including those symptoms 
that were of ideational rather than delusional intensity. A 
recent study of patients with AD found that persecutory 
ideas not held with delusional intensity were more com- 
mon than delusions of theft and suspicion,”* supporting 
the notion that the wide variability noted in the preva- 
lence of delusions in previous studies may have been due 
to problems in the definitional criteria employed as well 
as differences in sample characteristics.” “> The presence 
of various psychotic and behavioral symptoms, as as- 
sessed by a positive score for the initial “presence/ 
absence” question, was not dissimilar to that reported in 
other recent studies,'*'°” but prevalence rates for delu- 
sions using the broad and narrow definitions in the CUS- 
PAD were lower. One limitation of direct comparisons 
across studies is the variation in ranges of dementia 
severity in different samples. With respect to directions 
for the future, studies should consider operationalizing 
assessment of delusions more strictly, as was done with 
the CUSPAD. 

For hallucinations, the terminology vague and clear 
made it easy to classify the responses obtained, and facil- 
itated scoring by the lay interviewer. One broad caveat 
that limits the use of the phrases “true delusion” or “clear 
hallucination” in this context is that the source of all the 
information in this study was the informant. However, 
this is often unavoidable in outpatients with AD who 
cannot be observed directly by clinicians for an extended 
period of time.”"* The higher prevalence of both visual 
and auditory hallucinations reported in other studies? 
might be related to severely demented patients not being 
included in this sample. 

The components that measured behavioral disturbance 
and depression did not correlate strongly with any of the 
psychotic syndromes evaluated with this scale, thus 
demonstrating divergent validity. Within this sample of 
only mild to moderate AD, the associations between de- 
gree of psychopathology and severity of dementia as as- 
sessed by mMMSE and BDRS scores were not robust. 
There is some prior evidence supporting the notion that 
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Table 6.—The Columbia University Scale for Psychopathology in Alzheimer’s Disease (Abbreviated 
Delusions 


For delusions, the answer to the initial question is rated: no, 0 or yes, 1. If “yes”, two follow-up questions are asked: (1) does 
this occur some of the time or most of the time?, with the answer rated as transient, 0, or persistent, 1, and (2) will the patient 
accept the truth if corrected?, rated as no, 0, or yes, 1 


General question 
In the past month, has he/she talked about any strange ideas or unusual beliefs? 
Paranoid delusions 
Has he/she suspected that his/her wife/husband is unfaithful? 
Has he/she had any other unfounded suspicions? 
Delusions of abandonment 
Has he/she suspected or accused the caregiver of plotting to leave him/her? 
Somatic delusions 
Has he/she had any false beliefs that he/she has cancer or other physical illness? 
Misidentification 
Has he/she stated that people are in the home when nobody is there? 
Has he/she looked in the mirror and said it was someone else? 
Has he/she misidentified people, eg, said the spouse/caregiver is an imposter? 
Has he/she said that his/her home is not his/her home? 
Has he/she believed that the characters on television are real or in the room? 
Other delusions 
Has he/she had any false beliefs or other strange ideas that | have not asked? 
Hallucinations 


For hallucinations and illusions, answers are rated as no, 0, or yes, 1. If “yes”, a further rating is made as to whether the hallu- 
cination is vague, 1, or clear, 2 


Auditory: has he/she heard voices or sounds when no one is there? 
Visual: has he/she seen visions? 
Olfactory: Has he/she reported unusual smells like burning rubber or gas? 
Tactile: has he/she felt that things are crawling on his/her skin? 
Has he/she reported any other hallucinations? 

Illusions 


Has he/she reported that one thing is something else, eg, saying that a pillow looks like a person or that a light bulb looks like 
a fire starting? 


Behavioral disturbances 


Items are rated as no, 0, or yes, 1, except for the item for physical aggression that is rated as no, 0; threatening behavior, 1; 
physical violence, 2 


Has he/she wandered away from home or the caregiver? 
Has he/she made verbal outbursts? 
Has he/she used physical threats and/or violence? 
Has he/she been agitated or restless? 
Has he/she become more confused in the evening/night compared with the day? 
Depression 
Ratings are described for each item below 
Has he/she been sad, depressed, blue, or down in the dumps? No, 0; yes, 1 


If “yes”, is he/she depressed occasionally (score = 1), some of the time (2), most of the time (3), all the time (4), or not applicable 
(0). 


Has he/she had difficulty sleeping? No, 0; yes, 1 


If “yes”, is there slight difficulty (1), at least 2 hours sleep per night (2), less than 2 hours sleep per night (3), or excessive sleep- 
iness (4) 


Has his/her appetite changed? No, 0; yes, 1 


If “yes”, is it slightly decreased (1), there is no appetite and food is tasteless (2), needs persuasion to eat at all (3), or excessive 
appetite (4) 





*The time frame of interest is the past month. Presence of symptoms is rated in absolute fashion without reference to baseline symptom 
status, except for the items for sleep and appetite disturbance. Scoring is biased toward the positive, in that a single instance of a symptom 
yields a positive score. All questions are addressed to a caregiver informant. A detailed expanded version of the instrument is available 
from the authors on request. 
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psychosis and behavioral disturbances are associated 
with increasing cognitive impairment.'*'? However, 
nonpsychotic behavioral disturbances did not show any 
relations to dementia severity, perhaps due to the restric- 
tion in range of severity of dementia in this sample. 

Depressive symptoms increased with increasing cogni- 
tive impairment, in apparent contradiction to an earlier 
belief that depression tends to occur during the early 
stages of the illness.’ However, the findings are con- 
sistent with the study by Rubin and Kinscherf” in which 
dysphoria occurred in 20% of patients with questionable 
dementia and in 27% of patients with mild dementia, and 
with a recent study that found depressed patients with 
AD to be more cognitively impaired and disabled than 
nondepressed patients.” One possible explanation for 
these associations is that the prevalence of depression in- 
creases from the stage of questionable dementia up to the 
mild or moderately advanced stage before declining again 
with increasing severity of dementia at advanced stages 
of the illness. 

The reported prevalence of depression in AD ranges 
from 0% to 50% in different studies,” probably due to 
the application of different diagnostic methods and crite- 
ria. Family members report depression at far greater fre- 
quency than patients with AD report on direct inter- 
view.” Also, symptoms such as loss of interest and 
pleasure are common to both depression and AD.” The 
difficulty in ascertaining if such symptoms are part of a 
full depressive syndrome may partly underlie the diffi- 
culty in demonstrating efficacy for antidepressant medi- 
cation in the treatment of depression in AD,” although 
uncontrolled studies have been more optimistic.” Al- 
though depressed mood was reported in 46.2% of our 
sample, only 2.2% of patients were reported to be 
depressed all the time (Table 5). The findings suggest that 
a persistently depressed mood is uncommon in mild to 
moderate AD, and the rarity of severe sleep disturbance 
reported provides indirect support. One limitation is that 
other features of the syndrome of depression were not 
systematically evaluated with the CUSPAD, a screening 
instrument. 

Paranoid delusions were associated with being female 
and older in this sample, but there is no evidence from 
prior studies that this is the case generally.””* Hallucina- 
tions tended to occur in patients who were younger or 
who had a younger age of onset, but the rarity of hallu- 
cinations in this sample diminishes the importance of this 
finding. Interestingly, the greater the number of years of 
education the less likely it was that patients manifested 
delusions. Just as patients with higher baseline intellec- 
tual functioning may be able to compensate and conceal 
their cognitive deficits in the early stages of AD, so also 
they may be more adept at concealing suspicions or other 
psychotic features that may have developed. 

In summary, the CUSPAD is a new screening instru- 
ment that uses explicit standardized questions for each 
item that render it suitable for use by trained lay inter- 
viewers. Interrater reliability and divergent validity have 
been established. The findings, particularly those per- 
taining to psychotic features, indicate the value of using 
standardized definitional criteria based on explicit ques- 
tions to evaluate psychotic phenomenology. Clinical 
research evaluation based on new methodology of this 
type may prove to be of value in cross-sectional and lon- 
gitudinal studies of psychopathology in AD. 
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that time in the large controlled trials. The bone marrow typically showed a reduction in myeloid precursors. 
it is therefore essential that CBCs and white cell differentials be performed every two weeks starting from 
the second week to the end of the third month of therapy with TICLID, but more frequent monitoring is 
necessary for patients whose absolute neutrophil counts have been consistently declining or are 30% less 
than the baseline count. Neutropenia (an absolute neutrophil count (ANC) of less than 1200 neutrophils/mm*) 
is calculated as follows: ANC = WBC x % neutrophils. If clinical evaluation and repeat laboratory testing 
confirm the presence of neutropenia (<1200/mm*), the drug should be discontinued. In clinical trials, when 
therapy was discontinued immediately upon detection of neutropenia, the neutrophil counts returned to 
normal within 1-3 weeks. After the first three months of therapy, CBCs need be obtained only for patients 
with signs or symptoms suggestive of infection. 

















Thrombocytopenia Rarely, thrombocytopenia may occur in isolation or together with neutropenia. If clinical 
evaluation and repeat laboratory testing confirm the presence of thrombocytopenia (<80,000 cells/mm’), the drug 
should be discontinued. Cholesterol Elevation TICLID® therapy causes increased serum cholesterol and triglycendes. 
Serum total cholesterol levels are increased 8-10% within one month of therapy and persist at vel. The ratios of the 
lipoprotein subfractions are unchanged. Other Hematological Effects Rare cases of pancytopenia and thrombotic 
thrombocytopenic purpura, some of which have been fatal e been reported in Post-Marketing Surveillance 
Anticoagulant Drugs The tolerance and safety of coadministration of TICLID with heparin, oral anticoagulants, or 
fibrindlvtic agents has not been established. If a patient is switched from an anticoagulant or fibrinolytic drug to TICLID. the 
former drug should be discontinued prior to TICLID administration. PRECAUTIONS General TICLID should be used with 
caution in patients who may be at risk of increased bleeding from trauma. surgery, or pathological conditions. If it is desired 
to eliminate the antiplatelet effects of TICLID prior to elective surgery, the drug should be discontinued 10-14 days prior to 
surgery. Several controlled clinical studies have found increased surgical blood loss in patients undergoing surgery during 
treatment with ticlopidine. In TASS and CATS it was recommended that patients have ticlopidine discontinued prior to 
elective surgery. Several hundred patients underwent surgery during the trials, and no excessive surgical bleeding was 
reported. Prolonged bleeding time ıs normalized within two hours after administration of 20 mg methyiprednisolone i.v. 
Platelet transfusions may also be used to reverse the effect of TICLID on bleeding. GI Bleeding TICLID prolongs template 
bleeding time. The drug should be used with caution in patients who have lesions with a propensity to bleed (such as 
ulcers). Drugs that might induce such lesions should be used with caution in patients on TICLID. (See Contraindications.) 
Use in Hepatically Impaired Patients Because of limited expenence in patients with severe hepatic disease, who may 
have bleeding diatheses. the use of TICLID is not recommended in this population. (See Clinical Pharmacology and 
Contraindications ) Use in Renally Impaired Patients There is limited experience in patients with renal impairment. In 
controlied clinical trials, no unexpected problems have been encountered in patients having mild renal impairment and 
there is no experience with dosage adjustment in patients with greater degrees of renal impairment. Nevertheless. for 
renally impaired patients it may be necessary to reduce the dosage of ticlopidine or discontinue it altogether, if hemorrhagic 
or hematopoietic problems are encountered. (See Clinical Pharmacology) Information for the Patient (See PPI) Patients 
should be told that a decrease in the number of white blood cells (neutropenia) can occur with TICLID® especially during 
the first three months of treatment, and that if neutropenia is severe, it could result in an increased nsk of infection. They 
should be told it is critically important to obtain the scheduled blood tests to detect neutropenia. Patients should also be 
reminded to contact their physicians if they experience any indication of infection such as fever. chills, and sore throat, all of 
which may be consequences of neutropenia. All patients should be told that it may take them longer than usual to stop 
bleeding when they take TICLID and that they should report any unusual bleeding to their physician. Patients should tell 
physicians and dentists that they are taking TICLID before any surgery is scheduled and before any new drug is 
prescribed. Patients should be told to report promptly side effects of TICLID such as severe or persistent diarrhea, skin 
rashes, or subcutaneous bleeding, or any signs of cholestasis, such as yellow skin or sclera, dark unne, or light colored 
stools. Patients should be told to take TICLID with food or just after eating in order to minimize gastrointestinal discomfort 
Laboratory Tests Liver Function: TICLID therapy has been associated with elevations of alkaline phosphatase and 
transaminases which generally occurred within 1-4 months of therapy initiation. In controlled clinical tnals, the incidence of 
elevated alkaline phosphatase (greater than 2 times upper limit of normal) was 7.6% in ticlopidine patients, 6.0% in placebo 
patients and 2.5% in aspirin patients. The incidence of elevated AST (SGOT) (greater than 2 times upper limit of normal) 
was 3.1% in ticlopidine patients, 4.0% in placebo patients and 2.1% in aspirin patients. No progressive increases were 
observed in closely monitored clinical trials (e.g. no transaminase greater than 10 times the upper limit of normal was 
seen), but most patients with these abnormalities had therapy discontinued. Occasionally patients had developed minor 
elevations in bilirubin. Based on post-marketing and clinical trials experiences, liver function testing should be considered 
whenever liver dysfunction is suspected, particularly during the first four months of treatment. Drug Interactions 
Therapeutic doses of TICLID caused a 30% increase in the plasma half-life of antipyrine and may cause analogous effects 
on similarly metabolized drugs. Therefore the dose of drugs metabolized by hepatic microsomal enzymes with low 
therapeutic ratios, or being given to patients with hepatic impairment, may require adjustment to maintain optimal 
therapeutic blood levels when starting or stopping concomitant therapy with ticlopidine. Studies of specific drug interactions 
yielded the following results: Aspirin: Aspirin did not modify the ticlopidine-mediated inhibition of ADP-induced platelet 
aggregation, but ticlopidine potentiated the effect of aspirin on collagen-induced platelet aggregation. The safety of this 
combination has not been established and concomitant use of aspirin and ticlopidine is not recommended. (See 
Precautions - GI Bleeding). Antacids: Administration of TICLID after antacids resulted in an 18% decrease in plasma 
levels of ticlopidine. Cimetidine: Chronic administration of cimetidine reduced the clearance of a single dose of TICLID by 
50%. Digoxin: Co-administration of TICLID with digoxin resulted in a slight decrease (approximately 15%) in digoxin 
plasma levels. Little or no change in therapeutic efficacy of digoxin would be expected. Theophylline: In normal 
volunteers, concomitant administration of TICLID resulted in a significant increase in the theophylline elimination half-life 
trom 8.6 to 12.2 hr and a comparable reduction in total plasma clearance of theophylline. Phenobarbital: In six normal 
volunteers, the inhibitory effects of TICLID on platelet aggregation were not altered by chronic administration of 
phenobarbital. Phenytoin: In vitro studies demonstrated that ticlopidine does not alter the plasma protein binding of 
phenytoin. However, the protein binding interactions of ticlopidine and its metabolites have been studied in vi 
Caution should be exercised in coadministering this drug with TICLID and it may be useful to remeasure phenytoin blood 
concentrations. Propranolol: In vitro studies demonstrated that ticlopidine does not alter the plasma protein binding of 
propranolol. However, the protein binding interactions of ticlopidine and its metabolites have not been studied in vivo 
Caution should be exercised in coadministering this drug with TICLID. 





















































Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, TICLID was used concomitantly with beta 
R blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs without evidence of clinically significant adverse 
interactions. (See Precautions.) Food Interaction: The oral bioavailability of 





bd ticlopidine is increased by 20% when taken after a meal. Administration of 
Ti TICLID with food is recommended to maximize gastrointestinal tolerance. In 
#30 controlled trials. TICLID was taken with meals. Carcinogenesis, 


Mutagenesis, Impairment of Fertility In a two-year oral carcinogenicity study 

4 A in rats, ticlopidine at daily doses of up to 100 mg/kg (610 mg/m“) was not 
tol Gd tumorigenic. For a 70 kg person (1.73m* body surface area), the dose 
represents 14 times the recommended clinical dose on a mg/kg basis and 2 
times the clinical dose on body surface area basis. In a 78 week oral 
carcinogenicity study in mice ticlopidine at daily doses up to 275 mg/kg (1180 
mgm’) was not tumorigenic. The dose represents 40 times the recommended 
clinical dose on a mg/kg basis and 4 times the clinical dose on body surface 
clopidine was not mutagenic in in vitro Ames test, rat hepatocyte 




















st and in vivo mouse spermatozoid morphology test, Chinese hamster 
micronucleus test and Chinese hamster bone marrow cell sister chromatid exchange Ticlopidine was found 
effect on fertility of male and female rats at oral doses up to 400 mg/kg/day. Pregnancy: Teratogenic Effects Pr: 
Category B. Teratology studies have been conducted in mice (doses up to 200 mg/kg/day), rats (doses up to 
400 mg/kg/day) anc rabbits (doses up to 200 mg/kg/day). Doses of 400 mg/kg in rats, 200 mg/kg/day in mice, and 100 
mg/kg in rabbits produced maternal toxicity as well as fetal toxicity, but there was no evidence of a teratogenic potential of 
ticlopidine. There are, however, no adequate and well-controlled studies in pregnant women Because animal reproduction 
studies are not always predictive of a human response. this drug should be used during pregnancy only if clearly neede 
Nursing Mothers Studies in rats have shown ticlopidine is excreted in the milk. It is not known whether this drug is 
excreted in human milk. Because many drugs are excreted in human milk and because of the potential for senous adverse 
reactions in nursing infants from ticlopidine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. Pediatric Use Safety and efficacy in patients under the 
age of 18 have not been established. Geriatric Use Clearance of ticlopidine is somewhat lower in elderly pati 
trough levels are increased. The major clinical tnals with TICLID were conducted in an elderly population with a 
age of 64 years. Of the total number of patients in the therapeutic trials, 45% of patients were over 65 years 
were over 75 years old. No overall differences in effectiveness or safety were observed between these patients and 
younger patients, and other reported clinical experience has not identified differences in responses between the elderly and 
younger patients, but greater sensitivity of some ok individuals cannot be ruled ADVERSE REACTIONS Adverse 
reactions were rela’ y frequent, with over 50% of patients reporting at leas! e. Most (30 to 40%) involved the 
gastrointestinal tract. Most adverse effects are mild, but 21% of patients discontinued therapy because of an advi 
principally diarrhea, rash, nausea, vomiting, G.I. pain, and neutropenia. Most adverse effects occur early 
treatment, but a new onset of adverse effects can occur after several months. The incider les of adverse events listed in 
the following table were derived from multicenter, controlled clinical trials described above comparing TICLID, placebo, anı 
aspirin over study penods of up to 5.8 years. Adverse events considered by the investigator to be probably drug-related 
that occurred in at least one percent of patients treated with TICLID are shown in the following table: 
Percent of Patients with Adverse Events in Controlled Studies 
sie 





















































TICLID Aspirin Placebo 
(n = 2048) (n = 1527 {n = 536) 
Event Incidence Incidence Incidence 
Any Events F 60.0 (20.9) 53.2 (14.5, 34.3 (61) 
Diarrhea 12.5 (6.3) 5.2 (18 45 (17 
Nausea 7.0 (2.6) 62 (19 17 (09 
Dyspepsia 7.0 (1.1) 9.0 (2.0 09 (0.2 
Rash 51 (3.4) 15 (08 06 (09 
GI Pain 37 (1.9) 56 (27 13 (04 
Neutropenia 24 (1.3) 08 (01 1.1 (0.4) 
Purpura 2.2 (0.2) 1.6 0.0 (0.0) 
Vomiting 19 (14) 14 9 0.9 (0.4) 
Flatulence 1.5 (0.1) 1.4 3 0.0 (0.0 
Pruritus 1.3 (0.8) 0.3 (0.1 0.0 (0.0 
Dizziness 1.1 (0.4) 05 (04 0.0 (0.0 
Anorexia 1.0 (0.4) 0.5 (0.3 0.0 (0.0) 
Abnormal Liver 1.0 (07) 03 (0.3 0.0 (0.0) 
Function test 

















Incidence of discontinuation, regardless of relationship therapy, is shown in parentheses 

Neutropenia/Thrombocytopenia See Warnings. Gastrointestinal TICLID therapy has been associated with a vanety of 
gastrointestinal complaints including diarrhea and nausea. The majority of cases are mild, but about 13% of patients 
discontinued therapy because of these. They usually occur within 3 months of initiation of therapy and typically are 
resolved within 1-2 weeks without discontinuation of therapy. If the effect is severe or persistent, therapy should be 
discontinued. Hemorrhagic TICLID has been associated with a number of bleeding complications such as ecchymosis 
epistaxis, hematuria, conjunctival hemorrhage. gastrointestinal bleeding and perioperative bleeding. Intracerebral bleeding 
comparator agents. (Ticlopidine 
0.5%, aspirin 0.6%. placebo 0.75%.) Rash Ticlopidine has been associated with a maculopapular or urticanal rash (often 
with pruntus). Rash usually occurs within 3 months of initiation of therapy. with a mean onset time of 11 days. If drug is 
discontinued, recovery occurs within several days. Many rashes do not recur on drug rechallenge. There have been rare 
reports of severe rashes. Less Frequent Adverse Reactions (Probably Related) Clinical adverse experiences occurring 
n 0.5 to 1.0 percent of patients in the controlled trials include: Digestive System: GI fullness. Skin and Appendages: 
urticaria. Nervous System: headache. Body as a Whole: asthenia, pain. Hemostatic System: epistaxis. Special Senses 
tinnitus. In addition, rarer, relatively serious events have also been reported, mainly from foreign post marketing 
experience: Pancytopenia, hemolytic anemia with reticulocytosis, allergic pneumonitis, systemic lupus (positive ANA) 
peripheral neuropathy. vasculitis, serum sickness.arthropathy, hepatitis. cholestatic jaundice. nephrotic syndrome, myositis 
hyponatremia, immune thrombocytopenia and thrombocytopenic thrombotic purpura (TTP) OVERDOSAGE One case of 
deliberate overdosage with TICLID has been reported by foreign postmarketing surveillance program. A 38 year old male 
took a single 6000 mg dose of TICLID (equivalent to 24 standard 250 mg tablets). The only abnormalities reported were 
increased bleeding time and increased SGPT. No special therapy was instituted and the patient recovered without 
sequelae. Single oral doses of ticlopidine at 1600 mg/kg and 500 mg/kg were lethal to rats and mice, respectively 
Symptoms of acute toxicity were GI hemorrhage, convulsions, hypothermia, dyspnea, loss of equilibrium and abnormal 
gait. DOSAGE AND ADMINISTRATION The recommended dose of TICLID is 250 mg BID taken with food. Other doses 
have not been studied in controlled tnals for these indications. 
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Psychometric Discrimination of Moderate Senile 
Dementia of the Alzheimer Type 


Robert D. Hill, PhD; Martha Storandt, PhD; Emily LaBarge, EdD 


© A brief psychometric battery was used to differentiate a 
sample of 56 individuals classified as having mild senile de- 
mentia of the Alzheimer type (SDAT) from 38 individuals 
with moderate SDAT. Using discriminant analysis tech- 
niques, a modest differentiation was obtained. It was noted 
that specific ability domains, namely, short-term recogni- 
tion memory, visuospatial reasoning, and verbal ability, 
contributed to the discriminant function. Although the same 
domains have been found to differentiate SDAT at earlier 
stages, individual tests varied in the current sample as a 
function of marked decrements in ability levels at this ad- 
vanced stage of the disease. The results suggest that the ef- 
fectiveness of specific psychometrics for differentiating in- 
dividuals with SDAT may vary as a function of relative 
disease stage. 
(Arch Neurol. 1992;49:377-380) 


A central characteristic of senile dementia of the Alz- 
heimer type (SDAT) is the progressive, irreversible 
decline in performance on a wide range of cognitive abil- 
ities including short- and long-term memory, abstract 
thinking, attention, language, visuospatial ability, and 
mental flexibility.' This finding has been demonstrated in 
longitudinal and cross-sectional comparisons of individ- 
uals with and without the diagnosis of SDAT. Accurate 
early detection of SDAT has received considerable atten- 
tion, particularly in reference to the usefulness of specific 
neuropsychological tests for differentiating individuals in 
early stages of the disease from those not experiencing the 
disease.** Evidence suggests that psychometric batteries 
have good potential for differentiating mild SDAT from 
normal aging, although subtle differences between SDAT 
and other forms of dementia are difficult to detect.*° 

In addition to distinguishing mild SDAT from normal 
aging, it may also be important to compare individuals 
who are at different stages in the disease process. Such 
distinctions may be critical in predicting future level of 
functioning and may guide the design of relevant treat- 
ment protocols. Most standardized neuropsychological 
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test batteries, however, require extended administration 
time, and specific subtests are often too difficult for indi- 
viduals with moderate or severe SDAT. 

Simplified tests have been adapted for lower ability 
levels and piloted with moderate and severe SDAT par- 
ticipants. Salmon et alí reported that an abbreviated ver- 
sion of the Recognition Span Test successfully differenti- 
ated subjects with moderate SDAT from those with mild 
SDAT. Components of the Recognition Span Test that 
were most discriminating were word identification and 
the frequency of perseveration errors. In a related study, 
Vitaliano et al’ found that selected tasks from the Mini- 
Mental State examination and the Dementia Rating Scale 
that measured attentional and short-term recognition 
ability differentiated subjects with mild SDAT from those 
with moderate SDAT. Although these studies suggest 
that it is possible to differentiate mild from moderate 
SDAT using specific abbreviated neuropsychological 
tests, the relative contribution, as well as the generaliz- 
ability, of such testing procedures has not received 
systematic evaluation. In an earlier report,? we compared 
individuals with questionable (Clinical Dementia Rating® 
[CDR]-0.5) and mild (CDR-1) SDAT with similar-aged 
healthy controls. Our findings indicated (1) that those 
tasks that made the greatest contribution to predicting 
group membership were short-term memory, verbal abil- 
ity, and speeded psychomotor performance and (2) that 
there was significant overlap in performance of those with 
questionable vs mild dementia. From this study, we were 
able to place the performance of the subjects with ques- 
tionable SDAT between those with mild SDAT and the 
healthy individuals. The extent to which our psychomet- 
ric battery differentiated individuals with moderate and 
mild SDAT was not addressed. 

The major purpose of the current investigation was 
(1) to determine the extent to which we could distinguish 
moderate from mild SDAT using specific neuropsycho- 
logical tests or modifications of the tests for lower ability 
ranges and (2) to examine the relative contribution of 
specific tasks for discriminating between individuals at 
different stages of the disease. Measures were selected 
from the same battery used in identifying individuals at 
the earlier stages of the disease? with the inclusion of a 
series of modified instruments designed specifically for 
individuals who experience a high degree of cognitive 
impairment. A basic premise of this study was that sim- 
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ilar cognitive abilities that differentiated mildly demented 
individuals from healthy controls would continue to be 
important in discriminating SDAT in its more advanced 
stages. 


SUBJECTS AND METHODS 
Subjects 


Participants in this study were selected from the Washington 
University (St Louis, Mo) Alzheimer Disease Research Center 
patient registry. Two groups representing distinct stages of 
SDAT were chosen from this registry. The first group included 
men (n=21) and women (n=35) who were rated 1 (mild, but 
definite dementia) on the CDR scale.* These subjects were part 
of the same group that was described in the Storandt and Hill’ 
study. In the current investigation, only individuals who had 
completed the expanded psychometric battery, which included 
the tests modified for lower ability ranges, were chosen. The 
second group included 10 men and 28 women who were rated 
2 on the CDR scale, indicating moderate dementia. The two 
groups were not significantly different in socioeconomic status 
(F[1,92] =0.29; P>.20), as measured by the Hollingshead’ Two 
Factor Index of Social Position. The CDR-1 group was somewhat 
younger (mean age, 71.28 years; SD, 8.81) than the CDR-2 group 
(mean age, 75.67 years; SD, 8.70; F[1,92]=5.68; P<.02). There 
were no differences in gender between groups, and all partici- 
pants were white. 

The CDR is based on clinician evaluations of the person’s cog- 
nitive abilities in the areas of memory, orientation, judgment and 
problem solving, community affairs, home and hobbies, and 
personal care. The diagnosis and staging of the disease are based 
on information obtained in a 90-minute interview involving a 
neurologic and psychiatric examination; part of the interview is 
with the subject and part with a collateral source (usually a 
spouse, child, or sibling). Physician diagnosis and staging of the 
disease are accomplished prior to psychological testing. Inter- 
views and examinations were conducted by board-certified 
physicians. Both reliability of the CDR and validity of the diag- 
nosis (based on autopsy confirmation) by this research team are 
excellent." Based on this interview, participants were classi- 
fied CDR-0 (no evidence of dementia), CDR-0.5 (questionable 
dementia), CDR-1 (mild dementia), CDR-2 (moderate demen- 
tia), and CDR-3 (severe dementia). Only those receiving a CDR-1 
or CDR-2 classification were selected for this investigation. 


Measures 


All participants were administered a comprehensive psycho- 
metric test battery that was designed to assess a range of neu- 
ropsychological abilities including long- and short-term mem- 
ory, psychomotor performance, language, visuospatial 
performance, and general intelligence. The battery included 
both standardized and experimental test procedures. Tests from 
this battery have been used in previous studies to distinguish 
CDR-0s from CDR-1s” and in an attempt to distinguish CDR- 
0.5s from CDR-0s and CDR-1s.* A number of tests included in 
earlier reports*” were eliminated primarily because a majority of 
the CDR-2 participants were unable to complete them. Measures 
successfully administered to both CDR groups and included in 
the present analysis are presented in the Table. The standard 
tests used were as follows: (1) the Information subtest from the 
Wechsler Adult Intelligence Scale’; (2) the Digits Forward 
subtest from the Wechsler Memory Scale (WMS)"; (3) the easy 
pairs from the WMS Associate Learning subtest"; (4) Word Flu- 
ency by measuring the production of S words during a 1-minute 
interval and the number of P words in a 1-minute interval’; (5) 
the 60-item version of the Boston Naming Test'®; (6) the copying 
form of the Visual Retention Test, scored for the number of er- 
rors”; and (7) the Crossing-Off Task, scored as the number of 
items completed per second times 100. The administration of the 
Boston Naming Test was altered so as to begin with the first item; 
no phonemic cues were given. 
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Psychological Test Results of Subjects 
With Mild and Moderate Senile Dementia 
of the Alzheimer Type (SDAT)* 


Mean (SD) 
[" oT - 2 oe, al 
Moderate 
SDAT 
(n=38) 


4.24 (3.37) 


Mild SDAT 
(n=56) 


8.34 (4.34) 


Measurest 


WAIS Information 
WMS Digit Span 
Forward 


WMS Associate 
Learning (easy) 


5.98 (1.21) 4.92 (1.85) 


Recall 10.77 (4.56) 


5.63 (0.78) 


5.29 (5.16) 
Recognition 3.16 (2.47) 


Word Fluency 
(S and P) 


Boston Naming 


13.59 (9.04) 
33.07 (13.98) 


6.66 (7.06) 
15.84 (10.61) 


Visual Retention 
(copy) 
Crossing-Off 


Simplified Mental 
Control 


4.08 (5.07) 
117.64 (37.19) 


16.84 (10.29) 
76.82 (48.67) 


4.16 (2.57) 
4.50 (0.71) 3.58 (1.11) 
9.70 (2.49) 6.74 (4.14) 


*WAIS indicates Wechsler Adult Intelligence Scale; WMS, 
Wechsler Memory Scale. 

tA high score represents good performance on all measures ex- 
cept Visual Retention (copy), which is scored for errors. 


1.47 (2.28) 


Simplified Orientation 





Sentence Recall 


The experimental tests included (1) a simplified version of the 
WMS Mental Control subtest, which includes spelling one’s 
name, counting by twos, and counting backwards from 10 
(maximum score, 6); (2) a simplified WMS Orientation scale that 
includes knowledge of current weather conditions, present 
location, awareness of others, and directions (maximum score, 
5); (3) amodified WMS Logical Memory subtest (Sentence Recall) 
that requires recall of four single sentences (eg, “Bob Wells 
bought a newspaper every evening”), one at a time; and (4) a 
self-paced recognition trial of the WMS Associate Learning 
subtest. The first word of each pair of words was printed in the 
middle upper portion of a large index card, with four choices in- 
cluding the correct response word, printed below. The recogni- 
tion trial was conducted immediately following the third recall 
trial of the WMS Associate Learning subtest (only responses for 
the easy pairs are reported here). High scores indicate good per- 
formance on all measures, with the exception of the Visual Re- 
tention Test. 


Procedure 


The testing procedure is reported in detail elsewhere.” Briefly, 
all participants were assessed individually by psychometricians 
who were not informed of the physicians ratings. Participants 
with missing data on three or more of the tests were excluded 
from the analysis. A few individuals did complete all but one or 
two of the tests. In this case, the participant was assigned either 
the median score or the worst score on that test for that subject’s 
respective group. The worst score was used if the psychometri- 
cian had attempted to administer the test, but the participant 
could not do it. The median was used to replace data missing for 
other reasons (eg, time constraints, broken finger). 


RESULTS 


The Table shows the means and standard deviations for 
both groups on each variable as well as the portion of 
variance in each dependent variable explained by group 


Alzheimer’s Disease—Hill et al 


3¢ Mild SDAT 
50 


Æ- Moderate SDAT 


Percent of Sample 


Canonical Variate 


Fig 1.—Distribution of mild (n=56) and moderate (n=38) senile 
dementia of the Alzheimer type (SDAT) on the canonical variate 
(because of unequal sample sizes, the cutoff for the canonical vari- 
ate is —.43). 


membership (w°). A multivariate analysis was significant 
for group (F[12,81] =9.95; P<.0001). Subsequent univari- 
ate analyses of variance revealed that the performance on 
each of the tests was superior for those with mild demen- 
tia. 

A stepwise discriminant analysis procedure (BMDP7M) 
was used to determine those measures that would max- 
imally discriminate between the mildly and moderately 
demented groups. The measures reported in the Table 
were those used in the discriminant analysis. An initial 
analysis was performed by partitioning the total sample 
into two subsamples by randomly selecting half of the 
mildly (n= 28) and moderately (n= 19) demented groups 
to form subsample A, leaving the remaining subjects to 
form subsample B. The discriminant analysis was first 
performed on subsample A. In order of entry, the signif- 
icant variables were (1) recognition of the easy pairs task 
from the WMS, (2) the Boston Naming Test, and (3) the 
copying form of the Visual Retention Test (scored for er- 
rors). A correct classification of 93% was achieved for the 
mildly demented group; ie, only two subjects were mis- 
classified. The classification rate for the moderately de- 
mented group was 84%, misclassifying three of the mod- 
erately demented individuals. The regression weights 
obtained from this first analysis were then applied to 
subsample B and the validation sample, and the corre- 
sponding classification rates were 93% and 63%, respec- 
tively. 

Combining the two subsamples, a third discriminant 
analysis was performed to obtain more stable coefficients 
based on the larger sample size. The form of the discrim- 
inant function in this analysis was, in terms of the stan- 
dardized coefficients: canonical variable = (.50) Associate 
Recognition (easy) — (.57) Visual Retention (copy) + (.38) 
Boston Naming Test. The raw regression equation for the 
canonical variate was: -1.47 + (.30) Associate Recognition 
(easy) - (.08) Visual Retention (copy) + (.03) Boston 
Naming. The classification rate for the combined sample 
was 93% for the mildly demented group and 76% for the 
moderately demented group. The Figure shows the dis- 
tribution of the mildly and moderately demented groups 
on the canonical variate. The mean of the canonical vari- 
ate for the mildly demented group was 0.89 and -1.32 for 
the moderately demented group. Multiplying a person’s 
raw scores on the specified tests by the corresponding 
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unstandardized coefficient and then summing with the 
constant will produce the individual’s canonical score. 
The cutoff point in the present analysis was -0.43 because 
of unequal numbers of mildly and moderately demented 
individuals. 


COMMENT 


Significant differences between mildly and moderately 
demented individuals were obtained on all psychometric 
measures included in the analysis. These measures had 
sufficient “floor” or were simplified tasks designed spe- 
cifically for this purpose. Thus, psychometric test perfor- 
mance declines are apparent at a more advanced stage of 
SDAT. These declines are across a wide range of psycho- 
logical abilities, again revealing the global nature of the 
dementia. 

Those measures that maximally discriminated moder- 
ate from mild SDAT appear to tap some of the same do- 
mains found useful in discriminating mild dementia from 
normal aging.**°”'? For example, memory continued to 
make the largest contribution. In this case, however, it 
was recognition memory for the easy pairs from the WMS 
Associate Learning subtest, not the prose recall of the 
Logical Memory subtest. This finding corroborates related 
studies®’ that have identified recognition memory in dif- 
ferentiating mild and moderate SDAT. Recognition is well 
known to be easier than recall; mildly demented individ- 
uals perform at ceiling on this task. Furthermore, the 
easy pairs may have long-standing associations (eg, 
“baby-cries”). Thus, the memory deficits observed in 
moderate dementia may reflect deterioration of “old” 
memory, compared with the deficit for memory of new 
information seen in the earlier stages of the disease. 

Large deficits in confrontation naming were found in 
moderate dementia. The Boston Naming Test contributed 
to the differentiation of moderately demented individuals 
from those with mild dementia, just as it was useful in 
discriminating those with mild dementia from healthy 
older adults.° This result has two implications. On a prac- 
tical level, the Boston Naming Test seems to have suffi- 
cient “floor” to be useful in differentiating several stages 
of dementia. On the other hand, it is not possible from 
these results to determine if the cause of the dysfunction 
is the same in both the mild and moderate stages of the 
disease. More detailed analyses of the Boston Naming 
Test reveal that deficits in the early stages of SDAT are 
lexical in nature and reflect difficulty in accessing the 
word, whereas in later stages the difficulty is semantic 
and involves a loss of meaning of the stimulus.” It is not 
possible to differentiate these two types of dysfunctions 
using the standard scoring of the Boston Naming Test. 

A rather large decline in visuospatial ability, as mea- 
sured by the Visual Retention Test, was found in moder- 
ate dementia. The Visual Retention Test is an untimed 
task that requires copying a series of geometric figures, 
presented one at a time. Each figure increases in com- 
plexity of design, and the subject's score is the number of 
reproduction errors based on standard scoring tables. 
Unlike the Bender-Gestalt, which requires copying inter- 
acting figures, the single-figure format of the Visual Re- 
tention Test makes this task adaptable for lower ability 
ranges. 

Approximately 24% of the mildly demented individu- 
als made no reproduction errors on the Visual Retention 
Test, in contrast with 8% of those with moderate demen- 
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tia. The Visual Retention Test places demands primarily 
on fine motor coordination, visual perception, and visual 
motor integration. In mild dementia these abilities appear 
to remain intact. However, in moderate dementia it may 
be that difficulty in processing visual information, com- 
bined with deficits in fine motor coordination, leaves the 
person unable to accurately interpret the stimulus mate- 
rial and/or reproduce what is correctly processed. We 
were unable to distinguish from the Visual Retention Test 
alone whether motor dyscoordination or visual misper- 
ceptions were the predominant deficiency. We recom- 
mend that future efforts to measure visuospatial ability 
include a task that incorporates a recognition format (eg, 
a subject chooses the matching stimulus card from alter- 
native choices). Such a task would target visual perceptual 
ability and, combined with a visual reproduction task 
(such as the Visual Retention Test), help to pinpoint the 
underlying cause of visuospatial deficits in moderate de- 
mentia. 

Unlike the Vitaliano et al’ investigation, we did not find 
that tasks that primarily assessed attentional ability (eg, 
Digit Span Forward) contributed to group differentiation 
in this sample. Our data suggest that the tasks we selected 
to measure attention, however, may have been too diffi- 
cult for the subjects with moderate SDAT. Further exam- 
ination of attentional ability as a predictor of advanced 
SDAT is warranted. 

In summary, we were able to reliably discriminate be- 
tween mild and moderate dementia using general mea- 
sures that tap short-term recognition memory, verbal 
ability, and visuospatial performance. These abilities are 
similar to those found to discriminate questionable and 
mild dementia from normal aging, thus extending the 
findings of our earlier study? to more advanced stages of 
the disease. In this study, however, the specific tasks that 
contributed to the differentiation were only those that had 
an extended lower range or were modified for lower abil- 
ity levels. It does appear that when SDAT is at a moder- 
ate or severe stage, cognitive processes critical to adaptive 
function are impaired to such an extent that many exist- 
ing psychometric tests are unable to reliably measure 
neuropsychological ability. 
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and Magnetic Resonance Imaging Scans in 
Alzheimer Patients and Controls 
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@ Ten patients with Alzheimer’s disease underwent com- 
puted tomography and magnetic resonance imaging at the 
same point in time. The mean Mini-Mental State examina- 
tion score of the patients was 23, indicating that they were 
mildly impaired. Ten age-equivalent controls also obtained 
computed tomographic and magnetic resonance imaging 
scans. A semiautomated computer program analyzed nine 
comparable regions of interest on each set of scans. When 
regions of interest from both types of scans were combined 
in the same discriminant function analysis, the first two 
variables selected were from the magnetic resonance imag- 
ing data set, and they significantly differentiated 95% of the 
patients and controls. 
(Arch Neurol. 1992;49:381-384) 


Py nasous neuroimaging studies of patients with 

Alzheimer’s disease (AD) have been conducted in 
recent years. The studies that have used computed 
tomography (CT) and magnetic resonance imaging (MRI) 
have primarily focused on identifying the structural 
changes in the brain that significantly differentiate pa- 
tients with AD from controls. These studies have capital- 
ized on the fact that AD produces cell loss and, with it, 
brain shrinkage. Thus, although the plaques and tangles 
that are currently the definitive hallmark of the disease! 
cannot be seen by CT or MRI, the atrophy that is an in- 
direct reflection of the destruction of brain tissue can be 
measured. The assumption underlying these studies has 
been that the structural differences identified will shed 
light on the pathophysiology of AD and may be used as 
antemortem markers of disease.* 

The studies employing CT have demonstrated that 
there are highly significant increases in the distribution of 
cerebrospinal fluid (CSF) in patients with AD in compar- 
ison with controls. The regions that showed the greatest 
difference include the lateral and third ventricles** and 
parts of the temporal lobe, such as the CSF areas around 
the sylvian fissures and the tips of the temporal horns.”* 
One study compared the accuracy with which several 
hypothetical models differentiated patients with AD from 
controls’ and concluded that a combination of measures 
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in the medial temporal lobe produced the most accurate 
rate of identification in several independent groups of 
subjects (ie, an average accuracy of 94%). 

The importance of including measures of the temporal 
lobe in the differentiation of patients with AD from controls 
has been reemphasized by recent studies using MRI. 
Rusinek et al’ measured the volume of gray and white matter 
in major brain regions and found that the volume of white 
matter did not differ between patients and controls, but there 
were significant reductions in the volume of gray matter in 
patients with AD, The most significant reduction in gray 
matter was found in the temporal lobe (ie, 13.8%). Similarly, 
Kesslak et al” reported that the volume of the hippocampus 
and the parahippocampal gyrus was significantly different 
in patients with AD and controls and was highly correlated 
with an overall measure of cognitive function. 

In general, the foregoing studies indicate that measures 
based on both CT and MRI are useful for differentiating 
patients with AD from controls, particularly if the mea- 
sures include an assessment of regions in the temporal 
lobe. These studies do not, however, indicate the degree 
of accuracy with which MRI measures can identify pa- 
tients with AD or whether, in fact, MRI is more accurate 
than CT in the differentiation of such patients, despite the 
better visualization of brain tissue obtained by MRI. 

The present study was therefore conducted to compare 
CT and MRI measures in normal subjects and in patients 
with AD. The subjects underwent both CT and MRI at the 
same point in time. An analytic technique initially devel- 
oped for calculating brain atrophy on CT scans’ was 
adapted for use with MRI scans." This permitted the ap- 
plication of comparable analyses for both sets of data. It 
was therefore possible to determine whether MRI or CT 
variables were more useful for differentiating patients 
with AD from controls. The analyses also provided an es- 
timate of the regions that best differentiated the groups, 
as well as a calculation of the accuracy of discrimination. 


SUBJECTS AND METHODS 
Subjects 


Twenty subjects were included in the study: 10 patients with 
dementia of the Alzheimer type and 10 normal control subjects. 
They ranged in age from 60 to 79 years. The mean age of the pa- 
tients with AD was 72.9 years, and the mean age of the controls 
was 70.8 years, which did not differ significantly from one an- 
other. 

The diagnosis of the patients was made in concordance with 
National Institute of Neurological and Communicative Disor- 
ders and Stroke/Alzheimer Disease and Related Disorders As- 
sociation criteria for probable AD.” It was based on the judgment 
of a neurologist, with independent agreement from a psychia- 
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The regions of interest assessed on the five computed tomographic 
and magnetic resonance imaging slices. Slice 1: A indicates sylvian 
fissures; B, suprasellar cistern; and C, temporal horns of lateral 
ventricles. Slice 2: D indicates sylvian fissures; E, third ventricle. 
Slice 3: F indicates sylvian fissures; G, third ventricle. Slice 4: H in- 
dicates bodies of lateral ventricle. Slice 5: | indicates superficial 
sulci. 


trist and neuropsychologist. Several tests (eg, CT, electroen- 
cephalography, 12-factor automated chemical analysis, VDRL, 
urinalysis, and thyroxine and folate determinations) were ad- 
ministered to exclude those patients with medical conditions 
known to produce dementia. These tests were used to rule out 
various hydrocephalic, metabolic, neoplastic, infectious, and 
traumatic causes of dementia. Patients with a record of severe 
head trauma, alcoholism, serious psychiatric illness, learning 
disabilities, epilepsy, lung disease, kidney disease, or cancer 
were excluded. All patients with AD received an ischemic score 
of 4 or less on the ischemic scale for estimating the likelihood of 
multi-infarct dementia.” 

The level of impairment of the patients with AD was deter- 
mined by the administration of the Mini-Mental State examina- 
tion (MMSE), a widely used general test of cognitive function in 
demented patients." The total score on the MMSE is 30; scores 
of 20 to 26 are considered to reflect mild impairment. Eight of the 
10 patients had MMSE scores of 21 or greater, and the mean 
MMSE score for the group of patients with AD was 23. 

The normal controls were participants in a study of normal aging 
being conducted by the investigators. Subjects with a history of al- 
coholism, psychiatricillness, epilepsy, chroniclung disease, kidney 
disease, or cancer were excluded from the study. In addition to CT 
and MRI scans, the subjects had received a series of laboratory tests 
to rule out serious systemic illness. They had also undergone neu- 
ropsychological testing to eliminate the potential of including per- 
sons with cognitive symptoms of a dementing illness. 

All subjects provided informed consent for study participation. 
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Comparison of Computed Tomographic (CT) and 
Magnetic Resonance Imaging (MRI) Measurements in 
Alzheimer Patients and Controls 





Region of Interest 


Slice 1 






Sylvian fissure 4.2 .0006 1.9 .068 

Temporal horn 3.6 .002 2.4 .028 

Suprasellar cistern 0.5 642 1.0 .327 
Slice 2 

Sylvian fissure 4.4 .0004 3:5 .003 


Third ventricle 1.7 101 1.9 .074 


Slice 3 

Sylvian fissure 3. 
Third ventricle 1 
Slice 4 
Lateral ventricles 


Slice 5 
Sulci 

























CT Scan Assessment 


The CT scans (without contrast material) were obtained with a 
clinical scanner (Siemens Somatom). The picture element size was 
11mm, and the image was reconstructed on a 256 x 256 matrix. 
The CT density number scale was -1000 Hounsfield units for air and 
0 for water. The scans were obtained approximately 15° to the can- 
thomeatal line starting at the level of the chiasmatic cistern and pro- 
ceeding to the level of the superficial sulci at the vertex. Approxi- 
mately 12 slices were obtained per subject (8 mm thick). 

The digitized CT data were stored on magnetic tape and 
transferred to a computer (Microvax-2). The images were dis- 
played on a video monitor that permitted operator interaction 
with the displayed image. 

A computer program known as the Region Growing Program’ 
was used to determine the area of a region of interest (ROI). The 
program used a three-step procedure to identify CSF and tissue in 
a given region. The first step was an automatic preprocessing algo- 
rithm that identified all pixels within the cranium. The second step 
was also an automatic program that reduced the cupping effect in 
the CT image. The last step involved an operator-interactive pro- 
gram that identified the CSF and tissue regions (ie, gray and white 
matter) on the scan. The reliability of the operator-interactive pro- 
cedure has previously been demonstrated.’ 

Five CT slices from each scan were selected for evaluation. These 
slices are shownin the Figure. Nine ROIs were selected from the five 
slices. The area of each ROI was normalized to the head size; ie, it 
was expressed in relation to the area as a whole and thus each value 
was expressed as a percentage of the area. When the region existed 
in both hemispheres, the percentages of the two areas were 
summed. The regions are listed in the Table. 


MRI Assessment 


Axial MRI scans were obtained with a 1.5-T imager (GE Signa). 
Standard spin-echo sequences were used with echo times of 30 
and 80 milliseconds and a repetition time of 2000 to 4000 milli- 
seconds. The slice thickness was 3 to 5 mm and was either 
256 x 256 or 256 x 192 voxels. Images were taken from the base 
of the brain up to and including the vertex. Approximately 27 
slices per person were obtained. 

The digital data were stored on magnetic tape, from which they 
were transferred to an image-analyzing workstation computer 
(Sparcstation 1, SUN Microsystems Inc). A special program then or- 
ganized the files into echo pairs in an appropriate sequence. 

The image pairs were then reformatted so that they were all 
at an equivalent angle. The reformatting procedure first required 
the operator to identify fixed anatomic landmarks on each slice, 
using a mouse. The midpoint between the internal auditory ca- 
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nals was computed, and the left and right lenses of the eye were 
marked. These landmarks define an angle parallel to the can- 
thomeatal line, which was needed for the present study to ap- 
proximate the angle of the CT scan slices. The computer then re- 
formatted the images using trilinear interpolation; this 
procedure was used to reduce the noise that is introduced by the 
nonunitary aspect of the MRI voxels. 

An automated procedure was then implemented that identi- 
fied the major brain regions in a hierarchical fashion. The seg- 
mentation was hierarchical in the sense that the brain regions 
were segmented in a specific order, based on the nature of the 
segmentation problems presented by each structure. The seg- 
mentation algorithm also used a priori information about the 
approximate location of the anatomic regions. The program first 
identified the intracranial cavity. This was followed by the sep- 
aration of the cortical gray matter and the CSF, then by the seg- 
mentation of the ventricles, regions of hyperintensity, deep ce- 
rebral gray matter, the brain stem, and the cerebellum. 

After the segmentation was completed, the images were dis- 
played on a video monitor that permitted operator interaction 
with the displayed image. This permitted the operator to over- 
ride the decisions made by the automated procedure if specific 
errors had been produced by the automated procedure (eg, the 
brain contour did not match the outline of the skull evident on 
visual examination of the MRI image). 

Five slices, equivalent to the slices shown in the Figure, were 
then selected for further analysis. The operator selected the slices 
by visual examination, a process that was facilitated by a com- 
puter program that displayed multiple images simultaneously. 

Once the slices had been selected, the operator marked the gen- 
eral regions of the brain to be analyzed; the program then automat- 
ically calculated the absolute and relative area of each ROI. Like the 
CT variables, the MRI measures were ratios of each ROI in relation 
to the area of the brain at the level of the ROI. To assess the reliability 
of the operator-interactive procedure, 10 CT scans were analyzed 
independently by two trained individuals. Further details concern- 
ing this semiautomated procedure can be found in Sandor et al." 


RESULTS 
Student’s t Test 


Student’s t test was used to compare the difference in 
percentage area between each of the selected features for 
the patients with AD and the controls. The results of these 
analyses are shown in the Table. Of the nine CT variables 
compared, five were significantly different at the .006 
level or greater, and five of the nine MRI variables were 
significantly different at the .008 level or greater. 

The next step was to determine whether the t values 
provided information regarding which of the variables 
were most useful in differentiating the groups. This could 
not be done by an examination of the t values themselves, 
since the ¢ value is a function not only of the magnitude 
of the effect, but also of the standard error of the measures 
and the sample size. To determine whether the values 
that represented a significant difference between the 
groups were also significantly different from one another, 
it was necessary to convert the t values to an equivalent 
correlation coefficient (ie, r) and then to determine the 
differences between the significant r values by using 
Fisher’s z test. The conversion formula determines the r 
value in the following manner: 


r=t/\/P+N-2 


None of the CT or MRI variables that significantly dif- 
ferentiated patients and controls, according to the t tests, 
differed from one another using this conversion proce- 
dure. The only r values that were significantly different 
from one another were those that pertained to the com- 
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parison between variables that differentiated the patients 
from controls, by t test, vs those that did not. For exam- 
ple, both the CT and MRI measures of the lateral ventri- 
cles differentiated the patients from controls, and the r 
values did not differ from one another (P>.91). Similarly, 
neither of the suprasellar cistern measures differentiated 
the groups, and the r values representing these compar- 
isons also did not differ (P>.72). However, the MRI mea- 
sure of the third ventricle on slice 3 differentiated the 
groups and the CT variable did not; thus, the r values 
were significantly different (P<.01). These comparisons 
therefore did not provide additional information concern- 
ing which variables were the most efficient at differenti- 
ating the patients from controls. To accomplish this goal 
it was necessary to use discriminant function analysis. 


Discriminant Function Analysis 


Four sets of discriminant function analyses were per- 
formed. To increase the subject-to-variable ratio, the only 
variables that were included in the discriminant function 
analyses were those that were significantly different be- 
tween the groups on the basis of thet tests. Itshould be noted 
that this procedure may inflate the overall test of significance. 

The first analysis utilized the MRI variables alone to dis- 
criminate the subjects. The MRI variables that were signif- 
icant by ¢ test were entered in this analysis in order to de- 
termine the overall probability of a group difference between 
patients and controls. This discriminant function signifi- 
cantly differentiated the groups (x?=20.3; P<.001). How- 
ever, the classification accuracy was not examined, because 
when there are few cases relative to the number of variables, 
there is a substantial chance of overfitting the function. 

The second analysis utilized the CT variables alone to dis- 
criminate the subjects. With the five CT variables significant 
by t test, this discriminant function, likewise, differentiated 
the groups (x*= 14.43; P<.01). The classification accuracy of 
the CT discriminant function was not examined, for the same 
reason described above for the MRI analysis. 

The third discriminant function combined in one anal- 
ysis the CT and MRI variables that were significantly dif- 
ferent between the groups by t test. This discriminant 
function was significant when all 10 of the variables were 
included (x*=19.24; P<.037). 

The last discriminant function also combined the CT and 
MRI variables. However, in thisinstance, a forward stepwise 
discriminant function analysis was performed to determine 
which variables best discriminated the groups. Only vari- 
ables that met the criterion of a .05 level of significance were 
entered into the equation. The classification accuracy was de- 
termined when all of the variables had been selected. The 
first variable that was selected was the lateral ventricle mea- 
sure based on MRI. The second variable selected was the area 
of the sylvian fissure derived from slice 4 on the MRI. With 
these two variables included, 95% of the subjects were cor- 
rectly identified: all of the patients and all but one of the con- 
trols (x*= 21.15; P<.00001). No other variable exceeded the 
-05 significance level for selection. 


Interoperator Reliability of MRI Measures 
Pearson product moment correlations were used to 
evaluate the reliability with which the MRI regional anal- 
yses were calculated by two independent operators. Re- 
liabilities ranged from .85 to .99 (mean, .94). The correla- 
tions were significant at the .001 level or better. 
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COMMENT 


The results suggest that MRI measures of brain atrophy, 
such as those used in the present study, are more useful 
than equivalent CT measures in differentiating patients with 
AD from controls. While both CT and MRI measures sig- 
nificantly differentiated the groups with a high degree of 
accuracy, confirming the results of previous studies, the 
MRI measures were preferentially selected over the CT vari- 
ables when the two data sets “competed” against one an- 
other; ie, when both the CT and the MRI variables were 
simultaneously available for selection by the discriminant 
function procedure, the first two variables selected were 
those pertaining to the MRI data set. These two variables 
together yielded a 95% accuracy of discrimination, with a 
significance level of P<.00001. 

The results also confirm the importance of measuring 
regions in the temporal lobe to obtain high discrimination 
between patients with AD and controls. In the present 
study, one of the two variables that were selected by dis- 
criminant function to maximize the differentiation of the 
groups pertained to a region in the temporal lobe. 

These findings reinforce several hypotheses regarding 
the onset of AD. It has been hypothesized that a dramatic 
anterograde memory impairment (ie, loss of information 
over a brief delay) is the cognitive hallmark of AD and that 
the nature of the memory impairment in patients with AD 
is most consistent with damage to the hippocampal for- 
mation of the temporal lobes.” Recent neuropathologic 
studies indicate that neurofibrillary tangles and neuritic 


plaques are present in high numbers in the brains of 


mildly impaired patients with AD who come to autopsy 
and that these pathologic markers of AD are particularly 
prevalent in the superior temporal cortex. '* The evidence 
of temporal lobe involvement early in the course of 
disease is consistent with the hypothesis that damage to 
the hippocampal formation is the likely cause of the 
severe memory impairment in AD, as well as with recent 
evidence demonstrating that a striking memory impair- 
ment is the earliest symptom of cognitive decline in most 
patients with AD.'*° The fact that the neuropathologic 
markers of AD are numerous in the brains of mildly im- 
paired patients is consistent with the finding that struc- 
tural changes are measurable on both CT and MRI in pa- 
tients with AD early in the course of disease. 

It is not possible, however, to conclude from the 
present data that.the regional measures selected by the 
discriminant function analysis are the optimal set of vari- 
ables for differentiating patients with AD from controls. 
This is due to the fact that the study contained a relatively 
small sample size, necessitating the use of t tests to screen 
the variables that were entered into the discriminant 
functions, and that several independent groups of sub- 
jects were not evaluated. The small sample size makes it 
unlikely that the subjects were representative of the gen- 
eral population of patients and controls. It is therefore 
possible that a slightly different set of variables would 
optimize discrimination. Moreover, even if the sample 
size in the study were larger, it would be important to 
replicate the findings in a second independent sample of 
subjects to determine the generalizability of the findings. 
Such a study is currently under way. 

It is also unlikely that the accuracy of identification of 
the subjects will remain at 95% in subsequent samples. It 
is easier to obtain an ideal fit of the data to a discriminant 
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function algorithm when relatively few data points (ie, 
subjects) are involved. Larger samples will invariably lead 
to a “shrinkage” in the identification accuracy. It should 
be pointed out, however, that the fact that the MRI vari- 
ables were preferentially selected over the CT variables in 
the combined discriminant function, even though both 
data sets significantly differentiate the groups by t test and 
by discriminant function when examined alone, indicates 
that the MRI variables have a smaller measurement error. 
This in turn suggests that the results of the present study 
are more likely to be generalizable and that the ultimate 
accuracy of discrimination in a larger sample is likely to be 
good. 
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Persistent Worsening of Stroke Sequelae 
After Delayed Seizures 
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© Though the role of cerebral ischemia as an etiologic fac- 
tor for epilepsy is accepted, the effect of seizures on stroke 
sequelae has received little attention. We describe 10 
patients with poststroke partial epileptic seizures that were 
followed by persistent worsening of the previous neurologic 
deficit. Of 38 other patients with poststroke seizures who 
were examined during the same period, eight suffered tran- 
sient neurologic worsening (Todd’s phenomenon). Persis- 
tent worsening was associated with longer seizures and 
longer partial seizures before generalization. Risk factors, 
age, sex, other seizure features, and characteristics of pre- 
vious stroke were irrelevant to developing persistent wors- 
ening of stroke sequelae. None of the patients with persis- 
tent worsening showed a new lesion or an extension of the 
previous ischemic area on computed tomography or mag- 
netic resonance imaging, except one who had a first hem- 
orrhage that spared the cortex and who suffered a second 
hemorrhage, which was lobar. Persistent worsening of a 
neurologic deficit following a seizure in patients with pre- 
vious stroke may not be uncommon and may be due to a di- 
rect effect of the seizure itself on the infarcted area. 
(Arch Neurol. 1992;49:385-388) 


E ise role of cerebral ischemia as an etiologic factor for 

epilepsy is accepted.'* Fine®* studied posthemiplegic 
epilepsy in the elderly and reported on two patients who 
had an epileptic attack followed by a deepening of hemi- 
plegia. He explained this fact by “Todd’s phenomenon,” 
a concept that refers to the development of a focal deficit 
following a partial seizure, as mentioned by Robert Bent- 
ley Todd’ in the past century. We studied a series of pa- 
tients with poststroke partial epileptic seizures to find out 
which factors may be associated with persistent worsen- 
ing of the previous neurologic deficit. 


SUBJECTS AND METHODS 


We studied data obtained from the Lausanne (Switzerland) 
Stroke Registry over 6 years (January 1985 through December 
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1990; N = 1280 patients) to detect patients with seizures associ- 
ated with stroke. The details of the Lausanne Stroke Registry 
have been published elsewhere.* In summary, it collects infor- 
mation on all patients with stroke who are admitted to a 
population-based primary care center. For this study, we ex- 
cluded all patients with seizures in the setting of acute stroke 
(seizures at stroke onset or within the first month after stroke). 
Patients with seizures before stroke were also excluded. Then, 
all patients with a previous stroke in whom delayed (<2 weeks 
after stroke) epileptic seizures developed were identified. These 
patients were divided into two groups: (1) patients with deep- 
ening of their symptoms, persisting for more than 1 week; and 
(2) all the other patients. 

We studied stroke type and etiology, risk factors, and clinical 
findings, which were defined and assessed according to re- 
ported guidelines from the Lausanne Stroke Registry.’ Com- 
puted tomography, magnetic resonance imaging, and electro- 
encephalographic findings, neurologic sequelae of stroke, and 
activity of daily living were specified. Seizures were diagnosed 
and classified according to the recommendations of the Interna- 
tional League Against Epilepsy.” We then studied the type, 
number, and duration of the seizures, the duration of deficit 
worsening, computed tomography, magnetic resonance imag- 
ing, and electroencephalographic findings. We also compared 
the characteristics of patients with (group 1) and without (group 
2) persistent worsening of the previous neurologic deficit after 
poststroke seizure. 


RESULTS 


We found 48 patients with delayed seizures after acute 
stroke, without a history of seizure. Ten patients were in 
group 1; 38 patients were in group 2. 


Patients With Persistent Worsening of Neurologic Deficit 
(Group 1) 


Previous Stroke. —In eight of the 10 patients in group 
1, the stroke was ischemic and involved the cerebral cor- 
tex (in the right middle cerebral artery territory in six, in 
the left middle cerebral artery territory in one, and in the 
left posterior cerebral artery territory in one; Table 1). The 
cause of stroke was cardioembolism in three patients and 
large-artery disease in four patients, and it remained un- 
determined in one patient. One patient had a ganglionic 
hemorrhage involving the left caudate head sparing cere- 
bral cortex. Patient 10 suffered two stroke episodes, which 
were each followed by persistent neurologic worsening: 
the first was a right-sided cerebral hemorrhage secondary 
to thrombocytopenia when he was 29 years old, and the 
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Table 1.—Patients With Worsening After Seizure (Group 1)* 


Stroke Data 
> 2. 4. 


Seizure Data 
pis eet tc lial ne a | 
No./ Duration, 
Type min CT 


PMS, SG 


Stroke- 
Seizure 
Interval, 


Patient No./ 
Age, y/ 
Sex Risk Factors 


1/55/M 


Sequelae 


Focal 
slowingt 


Smoking, alcohol L hpar, 


L hypest 


No change 


2/74/M HT, AP Focal 


slowingt 


L hpar, 
L hypest, 
L hnegl 


Aphasia, PMS 
alexia, 
L HH 


R hpar 


PMS, SG No change 


Focal 
slowingt 


No change 


New FL CH AHEA# 


Wernicke’s 
aphasia 


Smoking, alcohol, 
DM, hychol 


HT, DM, AP, V 
claud 


L hpar 


L hpar, 
L hypest, 


Focal 
slowing 


PLED+ 
Focal 
slowingt 


Epileptic’ 
aphasia 


No change 


Focal 
slowingt 


PMS No change 


Focal 
slowingt 


PMS No change 


L hnegl 


8/58/M R MCA, 


Smoking, alcohol 


9/61/F No R MCA, 


10/29/M AF, smoking R MCA, 


10/59/M nes No 
change 


L hpar, 
cl co aprax 
L hpar, 
cl agnosia 
L hpar, 
CH L hypest 
Aphasia, 

R hpar 


Focal 
slowingt 


PCS, SG No change 


PMS Focal 


slowingt 


No change 


PMS R MCA 
poren 


Focal 
slowingt 


Focal 
slowingt 


Epileptic 
aphasia 


No change 





*CT indicates computed tomography; EEG, electroencephalography; MCA, middle cerebral artery; Cl, cerebral infarction; hpar, hemi- 
paresis; hypest, hypesthesia; PMS, partial motor simple seizure; SG, secondary generalization; HT, hypertension; AP, angina pectoris; 
hnegl, hemineglect; AF, atrial fibrillation; PCA, posterior cerebral artery territory; HH, homonymous hemianopia; CNH, caudate nucleus 
head; CH, cerebral hemorrhage; PES, partial epileptic status; FL, frontal lobe; AHEA, anterior hemispheric epileptic activity; PSE, parox- 
ysmal supraventricular tachycardia; PLED, paroxysmal lateralized epileptic discharges; DM, diabetes mellitus; hychol, hypercholester- 
olemia; V claud, vascular claudication; co aprax, constructive apraxia; PCS, partial complex seizure; and poren, porencephalia. Patient 


10 had seizures twice. 
tEEG performed 24 to 48 hours after the seizures. 
+EEG performed during the seizure. 


second was a left middle cerebral artery territory infarc- 
tion of undetermined cause at 59 years of age. 

Sequelae.—One patient was left with right-sided 
hemiparesis; two patients with left-sided hemiparesis; 
two patients with left-sided hemiparesis and hypesthe- 
sia; two patients with left-sided hemiparesis, hypesthe- 
sia, and hemineglect; one patient with left-sided hemi- 
paresis with constructive apraxis; one patient with 
Wernicke’s aphasia; one patient with aphasia, alexia, 
and right-sided homonymous hemianopia; and one pa- 
tient with global aphasia and right-sided hemiparesis. 
Despite these sequelae, all patients were able to return 
to most of their previous activities, though with some 
difficulty. 

Seizures.—The mean interval (+SD) from stroke to 
seizure presentation was 7.6+6 months. Twelve-lead 
electrocardiography, chest roentgenography, and a bat- 
tery of blood and urine tests allowed us to exclude in all 
patients common metabolic, toxic, or infectious factors 
when the seizures developed. Six patients suffered partial 
motor seizures, two patients had partial motor seizures 
with secondary generalization, one patient had partial 
complex seizures with secondary generalization, one pa- 
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tient suffered epileptic aphasia, and one patient had two 
different types of seizure (partial motor seizure and epi- 
leptic aphasia) after two different strokes. Six patients ex- 
perienced only one seizure, but three patients had two 
consecutive seizures and one patient had three consecu- 
tive seizures. Seizure duration was 10 to 15 minutes 
except in one patient, who suffered partial epileptic sta- 
tus, which persisted for 14 hours. Electroencephalogra- 
phy was performed during a seizure in two patients, 
showing left anterior hemispheric epileptic activity in the 
patient with partial epileptic status, and paroxysmal lat- 
eralized epileptic discharges in the other one. Electroen- 
cephalography performed 24 to 48 hours after the seizures 
in all patients showed focal slowing over the lesion area 
but without evidence for epileptic activity. Computed to- 
mography or magnetic resonance imaging performed at 
least 24 hours after the seizures showed no lesion and no 
extension of the previous ischemic area in any patient, 
except in the patient with a previous cerebral hemor- 
rhage, who had a new cerebral hemorrhage. Six patients 
were treated with phenobarbital, one patient with phe- 
nobarbital and carbamazepine, one patient with pheny- 
toin and clonazepam, and one patient with carbam- 
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Group 1 
(n=10) 


M/F 7/3 24/14 
68+8 66+7 
Hypertension 17 
Diabetes 7 
Smoking 


Group 2 
(n=38) 





Age, y, mean+SD 


Hypercholesterolemia 


Coronary heart 
disease 


Atrial fibrillation 


azepine. Seizures did not recur in any patient during a 
mean follow-up of 15 months. 

Worsening.—In all 10 patients, the seizures were 
immediately followed by worsening of the previous neu- 
rologic deficit, which improved only slowly during the 
following days. Worsening was assessed by at least two 
neurologists who had examined the patient before sei- 
zure, with subjective confirmation by at least one family 
member in all patients. At discharge (mean, 3 weeks af- 
ter seizures), the neurologic deficit was still more severe 
than before the seizure. Patients 1, 3, and 10 were still able 
to return to most of their previous activities, but with 
more difficulty. Functional worsening was severe in pa- 
tients 2 and 4 through 9, so that patients 2, 5, and 6 could 
return to only some of their previous activities, and 
patients 4 and 7 through 9 could not return to most of their 
previous activities. 


Comparison Between Patients With (Group 1) and 
Without (Group 2) Persistent Worsening 


No difference was noted between groups 1 and 2 for 
age, sex, risk factors, heart disease, hemorrhage-infarct 
ratio, stroke topography, cause, and severity, mean 
interval from stroke to seizure, and number of seizures 
before admission (Tables 2 through 4). However, the type 
of seizure differed, as group 2 patients had more often a 
generalized seizure without clinical evidence for a partial 
onset. A transient worsening of the neurologic deficit was 
observed in eight of 18 patients of group 2 who suffered 
partial seizures, but the duration of worsening did not 
exceed a few hours. Also, group 2 patients had a shorter 
mean duration of seizures, though the number of patients 
with very prolonged (>1 hour) seizures was not different. 


COMMENT 


Changes in cerebral blood flow, hypoxia, involvement 
of the cerebral cortex by hemorrhage, and the develop- 
ment of epileptogenic changes in cortical neurons, their 
connections, or their environment have been proposed as 
potential mechanisms underlying seizures in patients 
with stroke.*"? However, the effect of delayed seizures 
on stroke sequelae has received little attention. We found 
that one fifth of patients with poststroke seizures may 
have permanent worsening of their neurologic deficit as 
a consequence of seizures. This proportion may be over- 
estimated, because patients with short seizures without 
neurologic consequences may be less likely to be referred 
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Group 1 
(n= 10) 


Group 2 
(n= 38) 





Infarct 


Territory 
MCA 


PCA 


Cause 
Cardioembolism 


Large-artery 
disease 


Other 

Undetermined 
Hemorrhage 
Lenticular 


Lobar 


Activity of daily living at 
3 wk after stroke 


Return to all activities 


Return to most 
activities but 
with difficulty 


Cannot return to 
most activities 


Entirely dependent 





*MCA indicates middle cerebral artery; PCA, posterior cerebral 
artery. 
tincluding one patient with a previous cerebral hemorrhage. 


Table 4.—Characteristics of Seizures in Patients With 
(Group 1) or Without (Group 2) Worsening 










Mean=SD interval 
(stroke to 
seizure), mo 








Seizure type 
Partial 


Partial with 
secondary 
generalization 2 8 











Generalizedt 









No. of seizures 
before referral 


Mean duration of 
seizures, min 








Epileptic status 
(>1 h) 





P<.05 (x? test comparing patients with or without partial seizures). 
tWithout clinical evidence for a partial onset. 

Excluding patients with epileptic status; P<.05 (analysis of vari- 
ance). 


to neurologists. Nevertheless, our findings suggest that 
the phenomenon of persistent neurologic worsening after 
poststroke seizure is not uncommon. 

It is well known that focal motor seizures may be 
followed by a short period of paralysis in the affected 
limb(s) (Todd's paralysis), for which a period of 
reduced electric excitability as well as an active process 


Stroke Sequelae—Bogousslavsky et al 387 


of inhibition has been proposed as potential 
mechanisms.'*!” One third of our 48 patients with first- 
stroke seizures showed worsening of their previous neu- 
rologic deficit, but this worsening was transient in less 
than half of them. In 10 patients (group 1), worsening was 
not short or transient and did not correspond to a simple 
Todd’s paralysis. In all patients but one with persistent 
worsening, computed tomography or magnetic reso- 
nance imaging showed no new lesion or extension of the 
ischemic area that could have explained the worsening of 
the neurologic deficit. Thus, it is possible that the seizure 
itself might have had a harmful effect on the infarcted 
area, which modified permanently what functional abil- 
ities were still preserved at this level. A direct effect of the 
seizure itself is suggested by the fact that the phenome- 
non of persistent worsening was associated with clear-cut 
partial seizures of longer duration, while patients without 
persistent worsening more often had no clear evidence for 
partial onset of seizures and shorter seizures. Neither 
other seizure characteristics such as number of seizures or 
interval from stroke to seizure, nor stroke type, topogra- 
phy, or cause, were associated with persistent worsening 
after seizure. 

Pathologic changes in brain resulting from seizures and 
those from anoxic-ischemic injury have similarities.'*”° 
Experimental evidence suggests that an excessive release 
of excitatory amino acids such as glutamate and aspartate 
could play a role in hypoxic-ischemic neuronal injury as 
well as in some forms of epileptic brain damage,” but 
this phenomenon remains speculative in our patients. It 
is possible that functional studies using single-photon 
emission computed tomography or positron-emission to- 
mography may show changes that could represent a 
functional correlate to the persistent worsening of the 
neurologic deficit, but this study remains to be done. 

Our findings have shown that the persistent worsening 
of a neurologic deficit following a seizure in patients with 
previous stroke may only uncommonly be the result of a 
visible new vascular lesion. However, the persistence of 
epileptic activity on electroencephalography during sev- 
eral hours and the sparing of the cerebral cortex by the 
first lesion (as in patient 4) might suggest that worsening 
of the neurologic deficit is due to a new vascular lesion 
(such as a second hemorrhage in our case). In any case, 
given that seizure itself may be associated with perma- 
nent neurologic worsening, efforts should be made to 
control seizures as early as possible in patients with 
stroke. 
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the necessity of increasing ergotamine dosage. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 


t® (ergotamine tartrate and caffeine) 
Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants or so-called 
“histaminic cephalalgia”. 
CONTRAINDICATIONS 
Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal function, sepsis 
and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS 
Although signs and symptoms of ergotism rarely develop even after long term intermittent use of the orally 
or rectally administered drugs, care should be exercised to remain within the limits of recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. In 
chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
Agi pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can resul 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity. There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS 

Vasoconstrictive complications, at times of a serious nature, may occur. These include pulselessness, 
weakness, muscle pains and paresthesias of the extremities and precordial distress and pain. Although 
these effects occur most commonly with long-term therapy at relatively high doses, they have also been 
reported with short-term or normal doses. Other adverse effects include transient tachycardia or bradycardia, 
nausea, vomiting, localized edema and itching. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack. 
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MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE 

The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine) are due primarily 
to the ergotamine component. The amount of caffeine is such that its toxic effects will be ov ed 
by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis of the extremities 
associated with diminished or absent peripheral pulses; hypertension or hypotension; drowsiness, stupor, 
coma, convulsions and shock. A case has been reported of reversible bilateral papillitis with ring scotomata 
in a patient who received five times the recommended daily adult dose over a period of 14 days. 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate prona, ventilation, correction of hypotension, and control of convulsions are 
important considerations. Treatment La poer vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised to 
avoid aggravating an already existent hypotension. 


HOW SUPPLIED 


C: t® (ergotamine tartrate and caffeine) Tablets 

Shel pink colored, sugar coated, imprinted “CAFERGOT" on one side, "4s" on other side. Bottles of 
250, NDC 0078-0034-28, and cartons of three SigPak® (dispensing unit) packages, each containing 30 
tablets in individual blisters, NDC 0078-0034-42. 
Cafergot® (ergotamine tartrate and caffeine) Suppositories 


Sealed in fuchsia-colored aluminum foil, imprinted « Sy°caFercore SUPPOSITORY 78-33 SANDOZ” 
Boxes of 12, NDC 0078-0033-02. 
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Depression in Male and Female Subjects With 
Complex Partial Seizures 


Esther Strauss, PhD; Juhn Wada, MD; Alex Moll, MD 


© Eighty-four epileptic patients, with seizures originating in 
either the left or the right hemisphere, were evaluated to 
determine the relations between lateralization of epilepto- 
genic foci, gender, and depression. Our data suggest that 
male subjects, but not female subjects, with left-sided foci 
may be particularly vulnerable to depression. 

(Arch Neurol. 1992;49:391-392) 


LT available evidence suggests that depression is a 
frequent, but not universal, psychological complica- 
tion of temporal lobe epilepsy, although its exact preva- 
lence is unknown. *? A number of studies have noted high 
rates of depression in epileptic patients relative to normal 
controls** and patients with other chronic non-brain- 
related medical disorders*’ but not relative to those with 
other types of brain damage.’”"! The implication from 
these studies is that depression may be more a manifes- 
tation of specific changes in brain function than a reaction 
to being disabled per se. 

Investigators have also attempted to identify variables 
associated with an increased risk of interictal depression. 
These include an external locus of control? and impair- 
ments in attention-concentration and memory (E.S., J.W., 
and H. Whishart, MSc, H. Hunter, PhD, D. Pinch, MSc, 
unpublished data, 1991). Some have also reported an as- 
sociation between depression and complex partial sei- 
zures of left hemisphere origin,**”°"* although others 
have failed to confirm such a relation.®>1516 The reasons 
for the conflicting reports are uncertain but may reflect 
crude techniques for localizing site of seizure origin 
and/or the failure to examine for possible gender effects. 
Those studies that have reported a relation between lat- 
erality of focus and depression typically have included a 
preponderance of male subjects,**”’ whereas those 
that have failed to find such a relation have tended to 
include a high proportion of female subjects.?'* Empir- 
ical evidence bearing on this issue, however, is un- 
available, although there are also some provocative 
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hints in the literature that male subjects with left-sided 
seizure origin may be at particular risk for depres- 
sion. Accordingly, the purpose of this study was to 
examine the relations between lateralization of epilep- 
togenic foci, sex, and depression. 


SUBJECTS AND METHODS 


As part of a larger project, data were available on 84 patients 
(40 male, 44 female) with complex partial seizure disorders 
attending University Hospital (University of British Columbia, 
Vancouver) for assessment and supervision of their conditions. 
All epileptic patients had undergone extensive investigation that 
included long-term, closed-circuit television electroencephalo- 
graphic monitoring, using scalp and sphenoidal wire electrodes, 
to find the brain area responsible for their habitual seizure on- 
set. We included for study only patients with evidence of uni- 
lateral (left or right) hemispheric habitual seizure origin. Patients 
with evidence, derived from the carotid amobarbital test,” of 
atypical cerebral speech patterns (right, bilateral) were excluded. 
Accordingly, our final sample consisted of 84 epileptic patients, 
40 (16 male, 24 female) with left-sided seizure origin and 44 (24 
male, 20 female) with right-sided seizure origin. Most of the pa- 
tients (about 90%) were found to have their habitual seizures 
within the temporal and/or frontal lobe. Patient characteristics 
are given in Table 1. No significant differences were noted across 
groups in terms of their age at testing, age at onset of their dis- 
orders, handedness, or general reasoning ability as determined 
by two subtests of the Wechsler Adult Intelligence Scale-Revised 
(Vocabulary, Block Design). 

The Beck Depression Inventory” was used to assess the 
severity of depression by self-report. This is a 21-item scale with 
four severity ratings for each item. Each item reflects a specific 
behavioral manifestation of depression (eg, sadness, fatigue, 
weight loss) and consists of a graded series of four or five state- 
ments that reflect a range of symptom severity. The test has good 
reliability and validity, and a score of 10 or greater is considered 
to represent depressive symptoms.” 


RESULTS 


The Beck scores were used to categorize patients into 
two groups, namely, a nondepressed group comprising 
patients with Beck scores of less than 10 and a depressed 
group consisting of patients with Beck scores of 10 or 
greater. Table 2 gives the composition of these groups by 
sex and side of seizure origin. Inspection of Table 2 reveals 
that about 40% of male and female patients scored in the 
depressed range. However, the incidence of depression 
was not uniform across groups but depended on sex and 
side of seizure origin. When male subjects are considered, 
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i Table 1.—Patient Characteristics : 


Left Focus 


Right Focus 





: 
M (n= 16) 


38.5+15.2 
12.91422 





Mean (+SD) age, y 

Mean (+SD) age at onset, y 
Mean (+SD) vocabulary score 9.343.5 
Mean (+SD) block design score 9.52.5 
% Right-handed 94 


Table 2.—Incidence and Severity of Depression in 
Male and Female Subjects With Left- or Right-Sided 
Seizure Origin 


Not Depressed 
(Beck 9), 
No. (%) 


Depressed 
(Beck 10), 
No. (%) 


Mean Beck 
Score 








M subjects 


Focus 
L 6 (37.5) 
R 17 (71) 
Total 23 (57.5) 


10 (62.5) 
7 (29) 
17 (42.5) 


F subjects 


Focus 
i 16 (67) 
R 12 (60) 
Total 28 (64) 


8 (33) 
8 (40) 
16 (36) 


62.5% of those with a left-sided focus are classed as 
depressed, whereas only 29% of those with a right-sided 
focus score in the depressed range (x7[1]=4.36, P<.05). 
By contrast, when female subjects are considered, about 
36% of the women are classed as depressed regardless of 
the side of seizure origin (x7[1]=0.21, not significant). 
A similar picture emerged when raw Beck scores were 
analyzed. A 2 x 2 (sex-by-focus) analysis of variance of the 
Beck data revealed no significant main effects. The 
sex-by-focus interaction was, however, marginally signif- 
icant (F[1,83]=3.69, P=.058). As Table 2 shows, male 
subjects with a left-sided focus had higher mean Beck 
scores than their counterparts with a right-sided focus. By 
contrast, female subjects showed the reverse pattern. 


COMMENT 


Previous studies have suggested that depression may 
not be related to epilepsy or brain damage in general but 
rather may have some specificity for left hemisphere dis- 
turbance.**”'*4 Our findings suggest that this conclusion 
requires modification; namely, the emergence of depres- 
sion depends not only on the laterality of the epileptoge- 
nic disturbance but also on the sex of the individual sub- 
ject. Epileptic male, but not female, patients with left- 
hemisphere epileptic disturbance seem to be particularly 
predisposed to depressive symptoms. The extent to 
which this increased male vulnerability reflects a biolog- 
ical vs socially determined phenomenon requires addi- 
tional investigation. 

Our sample consisted of patients with drug-resistant 
epilepsy, many of whom were candidates for excisional 
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aa F 
F (n= 20) 


31.8+7.5 
9.4+12.8 


1 
F (n= 24) 


$2.7£191.5 
7.6+10.4 


M (n= 24) 


34.5+12.9 

12.9+13.3 

8.4+2.9 9.0+2.3 YLES 

10.5+3.0 10.0+2.8 9.4+2.8 
92 92 75 





surgery. Given the severity of their seizure disorders, our 
group of epileptic patients must be considered unique. 
Nevertheless, the validity of our finding is bolstered by 
the fact that others have hinted at a similar conclusion.* 

To summarize, our study shows that male, and not fe- 
male, patients with left hemisphere seizure origin are 
particularly predisposed to depression. This conclusion 
must be tempered, however, by the extracranial means of 
localizing area of seizure onset, the use of a self-rating as 
opposed to observer report of depression,’ and the need 
for replication. 
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Chewable Tablets of 100 mg—red-speckled, pink 
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WARNING 

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN RE- 
PORTED IN ASSOCIATION WITH THE USE OF TEGRETOL 
DATA FROM A POPULATION-BASED CASE CONTROL STUDY 
DEMONSTRATE THAT THE RISK OF DEVELOPING THESE RE- 
ACTIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL 
POPULATION. HOWEVER, THE OVERALL RISK OF THESE RE- 
ACTIONS IN THE UNTREATED GENERAL POPULATION IS LOW, 
APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULA- 
TION PER YEAR FOR AGRANULOCYTOSIS AND TWO PA- 
TIENTS PER ONE MILLION POPULATION PER YEAR FOR 
APLASTIC ANEMIA. 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DE- 
CREASED PLATELET OR WHITE BLOOD CELL COUNTS ARE 
NOT UNCOMMON IN ASSOCIATION WITH THE USE OF 
TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCU- 
RATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, THE 
VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT 
PROGRESSED TO THE MORE SERIOUS CONDITIONS OF 
APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCY- 
TOSIS AND APLASTIC ANEMIA, THE VAST MAJORITY OF MIN- 
OR HEMATOLOGIC CHANGES OBSERVED IN MONITORING OF 
PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL THE OC- 
CURRENCE OF EITHER ABNORMALITY. NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD 
BE OBTAINED AS A BASELINE. IF A PATIENT IN THE COURSE 
OF TREATMENT EXHIBITS LOW OR DECREASED WHITE 
BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY. DISCONTINUATION OF THE DRUG 
SHOULD BE CONSIDERED IF ANY EVIDENCE OF SIGNIFICANT 
BONE MARROW DEPRESSION DEVELOPS. 








Before prescribing Tegretol, the physician should be thor- 
oughly familiar with the details of this prescribing information, 
particularly regarding use with other drugs, especially those 
which accentuate toxicity potential. 


DESCRIPTION 

Tegretol, carbamazepine USP. is an anticonvulsant and specific an- 
algesic for trigeminal neuralgia, available for oral administration as 
chewable tablets of 100 mg, tablets of 200 mg, and as a suspension 
of 100 mg/5 mi (teaspoon). Its chemical name is 5H-dibenz(b,f] 
azepine-5-carboxamide, and its structural formula is: 


ZO 


| 
CONH> 


Carbamazepine USP is a white to off-white powder, practically 
insoluble in water and soluble in alcohol and in acetone. Its molecu- 
lar weight is 236.27 
Inactive Ingredients. Tablets: Colloidal silicon dioxide, FD&C Red 
No. 3 (chewable tablets only), FD&C Red No. 40 (200-mg tablets 
only), flavoring (chewable tablets only), gelatin, glycerin, magne- 
sium stearate, sodium starch glycolate (chewable tablets only), 
starch, stearic acid, and sucrose (chewable tablets only). Suspen- 
sion: Citric acid, FD&C Yellow No. 6, flavoring, polymer, potassium 
sorbate, propylene glycol, purified water, sorbitol, sucrose, and 
xanthan gum 


CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective 
in the treatment of psychomotor and grand mal seizures, as well as 
trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice 
with electrically and chemically induced seizures. It appears to act 
by reducing polysynaptic responses and blocking the post-tetanic 
potentiation. Tegretol greatly reduces or abolishes pain induced by 
stimulation of the infraorbital nerve in cats and rats. It depresses 
thalamic potential and bulbar and polysynaptic reflexes, including 
the linguomandibular reflex in cats. Tegretol is chemically unrelated 
to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

In clinical studies both suspension and conventional tablet deliv- 
ered equivalent amounts of drug to the systemic circulation. How- 
ever, the suspension was absorbed somewhat faster than the tablet 
Following a b.i.d. dosage regimen, the suspension has higher peak 
levels and lower trough levels than those obtained from the tablet 
formulation for the same dosage regimen. On the other hand, fol- 
lowing at.i.d. dosage regimen, Tegretol suspension affords steady- 
state plasma levels comparable to Tegretol tablets given b.i.d. when 
administered at the same total mg daily dose. Tegretol chewable 
tablets may produce higher peak levels than the same dose given as 
regular tablets. Tegretol in blood is 76% bound to plasma proteins 
Plasma levels of Tegretol are variable and may range from 0.5-25 
g/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 pg/ml. Follow- 
ing chronic oral administration of suspension, plasma levels peak at 
approximately 1.5 hours compared to 4 to 5 hours after administra- 
tion of oral tablets. The CSF/serum ratio is 0.22, similar to the 22% 


unbound Tegretol in serum. Because Tegretol may induce its own 
metabolism, the half-life is also variable. Initial half-life values 
range from 25-65 hours, with 12-17 hours on repeated doses. 
Tegretol is metabolized in the liver. After oral administration of 14C- 
carbamazepine, 72% of the administered radioactivity was found in 
the urine and 28% in the feces. This urinary radioactivity was com- 
posed largely of hydroxylated and conjugated metabolites, with 
only 3% of unchanged Tegretol. Transplacental passage of Tegretol 
is rapid (30 to 60 minutes), and the drug is accumulated in fetal 
tissues, with higher levels found in liver and kidney than in brain 
and lungs. 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug 
Evidence supporting efficacy of Tegretol as an anticonvulsant was 
derived from active drug-controlled studies that enrolled patients 
with the following seizure types: 
1. Partial seizures with complex symptomatology (psychomotor, 
temporal lobe). Patients with these seizures appear to show greater 
improvement than those with other types. 
2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial 
or generalized seizures. 

Absence seizures (petit mal) do not appear to be controlled by 
Tegretol (see PRECAUTIONS, General). 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the 
pain associated with true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal 
neuralgia 

This drug is not a simple analgesic and should not be usec for the 
relief of trivial aches or pains 


CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous 
bone marrow depression, hypersensitivity to the drug, or known 
sensitivity to any of the tricyclic compounds, such as amitriptyline, 
desipramine, imipramine, protriptyline, nortriptyline, etc. Like- 
wise, on theoretical grounds its use with monoamine oxidase inhib- 
itors is not recommended. Before administration of Tegretol, MAO 
inhibitors should be discontinued for a minimum of fourteen days, 
or longer if the clinical situation permits 

WARNINGS 


Patients with a history of adverse hematologic reaction to any drug 
may be particularly at risk. 





Only TEGRETOL 

brand of carbamazepine, 
provides tre prescribing 
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exibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 


Severe dermatologic reactions including toxic epidermal nec- 
rolysis (Lyell's syndrome) and Stevens-Johnson syndrome, have 
been reported with Tegretol. These reactions have been extremely 
rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity; therefore, 
patients with increased intraocular pressure should be closely 
observed during therapy. 

Because of the relationship of the drug to other tricyclic com- 
pounds, the possibility of activation of a latent psychosis and, in 
elderly patients, of confusion or agitation should be borne in mind 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical 
examination should be made 

Tegretol should be used with caution in patients with a mixed 
seizure disorder that includes atypical absence seizures, since in 
these patients Tegretol has been associated with increased frequen- 
cy of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk 
appraisal in patients with a history of cardiac, hepatic or renal 
damage, adverse hematologic reaction to other drugs, or inter- 
rupted courses of therapy with Tegretol 

Since a given dose of Tegretol suspension will produce higher 

peak levels than the same dose given as the tablet, it is recom- 
mended that patients given the suspension be startec on lower 
doses and increased slowly to avoid unwanted side effects (see 
DOSAGE AND ADMINISTRATION). 
Information for Patients: Patients should be made aware of the 
early toxic signs and symptoms of a potential hematologic prob- 
lem, such as fever, sore throat, rash, ulcers in the mouth, easy 
bruising, petechial or purpuric hemorrhage, and should be advised 
to report to the physician immediately if any such signs or symp- 
toms appear. 

Since dizziness and drowsiness may occur, patients should be 
cautioned about the hazards of operating machinery or automobiles 
or engaging in other potentially dangerous tasks 
Laboratory Tests: Complete pretreatment blood counts, including 
platelets and possibly reticulocytes and serum iron, should be ob- 
tained as a baseline. If a patient in the course of treatment exhibits 
low or decreased white blood cell or platelet counts, the patient 
should be monitored closely. Discontinuation of the drug should be 
considered if any evidence of significant bone marrow depression 
develops 

Baseline and periodic evaluations of liver function, particularly in 
patients with a history of liver disease, must be performed during 
treatment with this drug since liver damage may occur. The drug 


should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, fun- 
duscopy and tonometry, are recommended since many pheno- 
thiazines and related drugs have been shown to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determina- 
tions are recommended for patients treated with this agent because 
of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has 
increased the efficacy and safety of anticonvulsants. This monitor- 
ing may be particularly useful in cases of dramatic increase in 
seizure frequency and for verification of compliance. In addition, 
measurement of drug serum levels may aid in determining the 
cause of toxicity when more than one medication is being used 

Thyroid function tests have been reported to show decreased 
values with Tegretol administered alone 

Hyponatremia has been reported in association with Tegretol 

use, either alone or in combination with other drugs. 
Drug Interactions: The simultaneous administration of phenobar- 
bital, phenytoin, or primidone, or a combination of two, produces a 
marked lowering of serum levels of Tegretol. The effect of valproic 
acid on Tegretol blood levels is not clearly established, although an 
increase in the ratio of active 10,11-epoxide metabolite to parent 
compound is a consistent finding. 

The half-lives of phenytoin, warfarin, doxycycline, and the- 
ophylline were significantly shortened when administered concur- 
rently with Tegretol. Haloperidol and valproic acid serum levels may 
be reduced when these drugs are administered with Tegretol. The 
doses of these drugs may therefore have to be increased when 
Tegretol is added to the therapeutic regimen. 

Concomitant administration of Tegretol with erythromycin, cime- 
tidine, propoxyphene, isoniazid, fluoxetine or calcium channel 
blockers has been reported to result in elevated plasma levels of 
carbamazepine resulting in toxicity in some cases. Also, concomi- 
tant administration of carbamazepine and lithium may increase the 
risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination 
therapy with other anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiv- 

ing concomitant oral contraceptives and their reliability may be 
adversely affected. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Carbamazepine, when administered to Sprague-Dawley rats for two 
years in the diet at doses of 25, 75, and 250 mg/kg/day, resulted in 
a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of 
males 

Carbamazepine must, therefore, be considered to be carcino- 
genic in Sprague-Dawley rats. Bacterial and mammalian muta- 
genicity studies using carbamazepine produced negative results. 
The significance of these findings relative to the use of car- 
bamazepine in humans is, at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse 
effects in reproduction studies in rats when given orally in dosages 
10-25 times the maximum human daily dosage of 1200 mg. In rat 
teratology studies, 2 of 135 offspring showed kinked ribs at 250 
mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies 
(cleft palate, 1; talipes, 1; anophthalmos, 2). In reproduction stud- 
ies in rats, nursing offspring demonstrated a lack of weight gain and 
an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant 
women. Epidemiological data suggest that there may be an associa- 
tion between the use of carbamazepine during pregnancy and con- 
genital malformations, including spina bifida. Tegretol should be 
used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Retrospective case reviews suggest that, compared with mono- 
therapy, there may be a higher prevalence of teratogenic effects 
associated with the use of anticonvulsants in combination therapy. 
Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be 
discontinued in patients in whom the drug is administered to pre- 
vent major seizures because of the strong possibility of precipitat- 
ing status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and frequency of the seizure 
disorder are such that removal of medication does not pose a seri- 
ous threat to the patient, discontinuation of the drug may be con- 
sidered prior to and during pregnancy, although it cannot be said 
with any confidence that even minor seizures do not pose some 
hazard to the developing embryo or fetus 
Labor and Delivery: The effect of Tegretol on human labor and 
delivery is unknown 


Nursing Mothers: During lactation, concentration of Tegretol in 
milk is approximately 60% of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing 
infants from carbamazepine, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children below the age of 
6 years have not been established 


ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be 
discontinued, the physician must be aware that abrupt discontinua- 
tion of any anticonvulsant drug in a responsive epileptic patient 
may lead to seizures or even status epilepticus with its life- 
threatening hazards 

The most severe adverse reactions have been observed in the 
hemopoietic system (see boxed WARNING), the skin and the car- 
diovascular system. 

The most frequently observed adverse reactions, particularly 
during the initial phases of therapy, are dizziness, drowsiness, un- 
steadiness, nausea, and vomiting. To minimize the possibility of 
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such reactions, therapy should be initiated at the low dosage 
recommended. 

The following additional adverse reactions have been reported: 
Hemopoietic System: Aplastic anemia, agranulocytosis, pan- 
cytopenia, bone marrow depression, thrombocytopenia, leuko- 
penia, leukocytosis, eosinophilia, acute intermittent porphyria. 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal 
necrolysis (Lyell’s syndrome) (see WARNINGS), Stevens-Johnson 
syndrome (see WARNINGS), photosensitivity reactions, alterations 
in skin pigmentation, exfoliative dermatitis, erythema multiforme 
and nodosum, purpura, aggravation of disseminated lupus 
erythematosus, alopecia, and diaphoresis. In certain cases, dis- 
continuation of therapy may be necessary. Isolated cases of hirsu- 
tism have been reported, but a causal relationship is not clear. 
Cardiovascular System: Congestive heart failure, edema, aggrava- 
tion of hypertension, hypotension, syncope and collapse, aggrava- 
tion of coronary artery disease, arrhythmias and AV block, primary 
thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
orlymphadenopathy. 

Some of these cardiovascular complications have resulted in 
fatalities. Myocardial infarction has been associated with other 
tricyclic compounds. 

Liver: Abnormalities in liver function tests, cholestatic and hepato- 
cellular jaundice, hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by 
fever, dyspnea, pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, 
oliguria with elevated blood pressure, azotemia, renal failure, and 
impotence. Albuminuria, glycosuria, elevated BUN and micro- 
scopic deposits in the urine have also been reported. 

Testicular atrophy occurred in rats receiving Tegretol orally from 

4 to 52 weeks at dosage levels of 50 to 400 mg/kg/day. Additionally, 
rats receiving Tegretol in the diet for two years at dosage levels of 
25, 75, and 250 mg/kg/day had a dose-related incidence of testicu- 
lar atrophy and aspermatogenesis. In dogs, it produced a brownish 
discoloration, presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance of these findings 
to humans is unknown. 
Nervous System: Dizziness, drowsiness, disturbances of coor- 
dination, confusion, headache, fatigue, blurred vision, visual hallu- 
cinations, transient diplopia, oculomotor disturbances, 
nystagmus, speech disturbances, abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, depression with agita- 
tion, talkativeness, tinnitus, and hyperacusis. 

There have been reports of associated paralysis and other symp- 
toms of cerebral arterial insufficiency, but the exact relationship of 
these reactions to the drug has not been established. 

Digestive System: Nausea, vomiting, gastric distress and abdomi- 
nal pain, diarrhea, constipation, anorexia, and dryness of the 
mouth and pharynx, including glossitis and stomatitis. 

Eyes: Scattered, punctate, cortical lens opacities, as well as con- 
junctivitis have been reported. Although a direct causal relationship 
has not been established, many phenothiazines and related drugs 
have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg 
cramps. 

Metabolism: Fever and chills. Inappropriate antidiuretic hormone 
(ADH) secretion syndrome has been reported. Cases of frank water 
intoxication, with decreased serum sodium (hyponatremia) and 
confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS, Laboratory Tests). 

Other: \solated cases of a lupus erythematosus-like syndrome have 
been reported. There have been occasional reports of elevated lev- 
els of cholesterol, HDL cholesterol and triglycerides in patients 
taking anticonvulsants. 

A case of aseptic meningitis, accompanied by myoclonus and 
peripheral eosinophilia, has been reported in a patient taking car- 
bamazepine in combination with other medications. The patient was 
successfully dechallenged, and the meningitis reappeared upon re- 
challenge with carbamazepine. 

DRUG ABUSE AND DEPENDENCE 

No evidence of abuse potential has been associated with Tegretol, 
nor is there evidence of psychological or physical dependence in 
humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known lethal dose: adults, >60 g (39-year-old man). High- 
est known doses survived: adults, 30 g (31-year-old woman); chil- 
dren, 10 g (6-year-old boy); small children, 5 g (3-year-old girl). 

Oral LD. in animals (mg/kg): mice, 1100-3750; rats, 
3850-4025; rabbits, 1500-2680; guinea pigs, 920. 





Signs and Symptoms 

The first signs and symptoms appear after 1-3 hours. Neuromuscu- 
lar disturbances are the most prominent. Cardiovascular disorders 
are generally milder, and severe cardiac complications occur only 
when very high doses (>60 g) have been ingested. 

Respiration: \rregular breathing, respiratory depression. 
Cardiovascular System: Tachycardia, hypotension or hyperten- 
sion, shock, conduction disorders. 

Nervous System and Muscles: Impairment of consciousness rang- 
ing in severity to deep coma. Convulsions, especially in small chil- 
dren. Motor restlessness, muscular twitching, tremor, athetoid 
movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor 
disturbances, dysmetria. Initial hyperreflexia, followed by 
hyporeflexia. 

Gastrointestinal Tract: Nausea, vomiting. 

Kidneys and Bladder: Anuria or oliguria, urinary retention. 
Laboratory Findings: \solated instances of overdosage have in- 
cluded leukocytosis, reduced leukocyte count, glycosuria and 
acetonuria. EEG may show dysrhythmias. 

Combined Poisoning: When alcohol, tricyclic antidepressants, bar- 
biturates or hydantoins are taken at the same time, the signs and 
symptoms of acute poisoning with Tegretol may be aggravated or 
modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent 
upon prompt elimination of the drug, which may be achieved by 
inducing vomiting, irrigating the stomach, and by taking appropri- 
ate steps to diminish absorption. If these measures cannot be im- 
plemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions 
are safeguarded. There is no specific antidote. 

Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed fol- 
lowing ingestion of the drug, the stomach should be repeatedly 
irrigated, especially if the patient has also consumed alcohol. 
Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with 
renal failure. Replacement transfusion is indicated in severe poison- 
ing in small children. 

Respiratory Depression: Keep the airways free; resort, if neces- 
sary, to endotracheal intubation, artificial respiration, and adminis- 
tration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer 
a plasma expander. If blood pressure fails to rise despite measures 
taken to increase plasma volume, use of vasoactive substances 
should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory de- 
pression (especially in children), hypotension, and coma. However, 
barbiturates should not be used if drugs that inhibit monoamine 
oxidase have also been taken by the patient either in overdosage or 
in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), 
blood pressure, body temperature, pupillary reflexes, and kidney 
and bladder function should be monitored for several days. 
Treatment of Blood Count Abnormalities: If evidence of significant 
bone marrow depression develops, the following recommendations 
are suggested: (1) stop the drug, (2) perform daily CBC, platelet 
and reticulocyte counts, (3) do a bone marrow aspiration and trep- 
hine biopsy immediately and repeat with sufficient frequency to 
monitor recovery. 

Special periodic studies might be helpful as follows: (1) white 
cell and platelet antibodies, (2) 58Fe—ferrokinetic studies, (3) pe- 
ripheral blood cell typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A, and F hemo- 
globin, and (7) serum folic acid and B, levels. 

A fully developed aplastic anemia will require appropriate, inten- 
sive monitoring and therapy, for which specialized consultation 
should be sought. 


DOSAGE AND ADMINISTRATION (see table below) 
Monitoring of blood levels has increased the efficacy and safety of 
anticonvulsants (see PRECAUTIONS, Laboratory Tests). Dosage 
should be adjusted to the needs of the individual patient. A low 
initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very grad- 
ually to the minimum effective level. Medication should be taken 
with meals. 

Since a given dose of Tegretol suspension will produce higher 
peak levels than the same dose given as the tablet, it is recom- 
mended to start with low doses (children 6-12 years: 1/2 teaspoon 


Dosage Information: Tablets and Suspension 








Indication Initial Dose 


Epilepsy 
6-12 years of age 










100 mg b.i.d. 


(200 mg/day) (200 mg/day) 






Over 12 years of age 200 mg b.i.d. 


(400 mg/day) 


1 teaspoon q.i.d. 
(400 mg/day) 











Trigeminal Neuralgia 100 mg b.i.d. on 
the first day 


(200 mg/day) 
© 1992, CIBA-GEIGY Corporation. 


(200 mg/day) 


318-21253-A 





1/2 teaspoon q.i.d. 


1/2 teaspoon q.i.d 






Subsequent Dose 


[aver [Suspension [ante 






Add up to 100 mg per day at weekly 
intervals, t.i.d. orq.i.d. 


Add up to 200 mg per day at weekly 
intervals, t.i.d. or q.i.d. 









Add up to 200 mg per day in increments 


of 100 mg every 12 hours q.i.d. 


Add up to 1 teaspoon (100 mg) per day 
at weekly intervals, t.i.d. or q.i.d. 


Add up to 2 teaspoons (200 mg) per day 
at weekly intervals, t.i.d. or q.i.d. 


Add up to 2 teaspoons (200 mg) per day 


q.i.d.) and to increase slowly to avoid unwanted side effects. 
Conversion of patients from oral Tegretol tablets to Tegretol sus- 
pension: Patients should be converted by administering the same 
number of mg per day in smaller, more frequent doses (i.e., b.i.d. 
tablets to t.i.d. suspension). 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial: Either 200 
mg b.i.d. for tablets or 1 teaspoon q.i.d. for suspension (400 mg 
per day). Increase at weekly intervals by adding up to 200 mg per 
day using a t.i.d. or q.i.d. regimen until the optimal response is 
obtained. Dosage generally should not exceed 1000 mg daily in 
children 12 to 15 years of age, and 1200 mg daily in patients above 
15 years of age. Doses up to 1600 mg daily have been used in adults 
in rare instances. Maintenance: Adjust dosage to the minimum 
effective level, usually 800-1200 mg daily. 
Children 6-12 years of age—Initial: Either 100 mg b.i.d. for 
tablets or 1/2 teaspoon q.i.d. for suspension (200 mg per day). 
Increase at weekly intervals by adding up to 100 mg per day using a 
t.i.d. or q.i.d. regimen until the optimal response is obtained. 
Dosage generally should not exceed 1000 mg daily. Maintenance: 
Adjust dosage to the minimum effective level, usually 400-800 mg 
daily. 
Combination Therapy: Tegretol may be used alone or with other 
anticonvulsants. When added to existing anticonvulsant therapy, 
the drug should be added gradually while the other anticonvulsants 
are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions 
and Pregnancy Category C). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: On the first day, either 100 mg b.i.d. for tablets or 1/2 
teaspoon q.i.d. for suspension for a total daily dose of 200 mg. 
This daily dose may be increased by up to 200 mg a day using 
increments of 100 mg every 12 hours for tablets or 50 mg (1/2 
teaspoon) q.i.d. for suspension, only as needed to achieve freedom 
from pain. Do not exceed 1200 mg/daily. Maintenance: Control of 
pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as little as 200 
mg daily, while others may require as much as 1200 mg daily. At 
least once every 3 months throughout the treatment period, at- 
tempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 
HOW SUPPLIED 
Chewable Tablets 100 mg—round, red-speckled, pink, single- 
scored (imprinted Tegretol on one side and 52 twice on the scored 


side) 
EET a ore ole Begins E tv's we NDC 58887-052-30 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 58887-052-32 





Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted 
Tegretol on one side and 27 twice on the partially scored side) 


Bettas oO., iay Sates. saaa oe NDC 58887-027-30 

COURS ONG < -ni adena . -NDC 58887-027-40 
Unit Dose (blister pack) 

Box of 100 

{SETI OCIO) T AE fe sis cree nate dees NDC 58887-027-32 


Samples, when available, are identified by the word SAMPLE ap- 
pearing on each tablet. 
Protect from moisture. Dispense in tight container (USP). 
Suspension 100 mg/5 ml (teaspoon)—yellow-orange, citrus- 
vanilla flavored 

Bottles of 450ml. ........2........ i 
Shake well before using. 
Do not store above 86°F. 
Dispense in tight, light-resistant container (USP). 


Printed in U.S.A. C91-50 (Rev. 11/91) 


-NDC 58887-019-76 


BASEL Pharmaceuticals 
Division of 

CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


BASEL 
Pharmaceuticals 

















Maximum Dose 
Tablet or Suspension 












1000 mg/24 hours 











1000 mg/24 hours: 12-15 years 
1200 mg/24 hours: over 15 years 
1600 mg/24 hours: adults, in rare instances 













1200 mg/24 hours 
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improved technology that |+ 
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diagnostic testing potential. Introduc- 
ing CEEGRAPH, the evolution of EEG. 
CEEGRAPH is the high-resolution, 
digital system that offers everything you 


CEEGRAPH« Digital EEG. 






Advanced capabilities. Enhanced 
analysis. All without changing 






expect from traditional EEG, and more. Now 


your procedures. Thats where you can remontage previously acquired EEG tracings 
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to localize events that occurred during testing. 
Change paper speeds after the fact 
to enhance characteristics of the trac- 
ing. Immediately access any area 
of interest. Plus, easily obtain your 
patient's brief history. 

CEEGRAPH. Join the evolution 
and bring your lab into a new world 
of possibilities. 





Changing the way you look 
at EEG doesn’t mean changing 
the way EEG looks. 


Evolution in technology 
doesn’t mean a revolution 
in the way you work. 
CEEGRAPH brings you 
advanced capabilities, with- 
out changing your proce- 





dures. A simple click ora 
keystroke puts you in control and lets you see every- 
thing you want to see. 

And CEEGRAPH reduces your 
operating budget with cost-effective 
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Bio-logic’ 
Systems Corp. 


EEG storage. Optical disks, removable hard disk 
cartridges or videocassettes store 
data to minimize paper and ink usage. 


Invest in the future. 


Don’t get left behind. If you're looking 
to replace oradd an EEG system, you 
owe it to your lab to see a demonstra- 
tion of CEEGRAPH. From individual 


VOLUTION 


components that work with your existing EEG 
instrument to a complete digital system, CEEGRAPH 
grows with your lab to enhance your capabilities. 
And CEEGRAPH offers you the opportunity to 
totally integrate your entire electrodiagnostic 
laboratory, from EP and 


EMG to brain mapping | Get the FAX. 


and polysomnography. 


1-800-323-8326* 
Ext. 700 


Start the evolution in 





your lab today—get the 
facts on CEEGRAPH. Call 1-800-323-8326* 
and we'll immediately FAX you a 
report of CEEGRAPH’S 
features and benefits. 


unique 


CEEGRAPH. See the evolution. 


*In Illinois and outside the U.S.. call 1-708-949-5200. ext. 700. ©1991 Bio-logic Svstems Corp 
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Event-Related Potentials in Human 
Immunodeficiency Virus Infection 


A Prospective Study 


John A. Messenheimer, MD; Kevin R. Robertson, PhD; Jean W. Wilkins, PhD; 
Josey C. Kalkowski, R EEG/EPT; Colin D. Hall, MBChB 


è P, event-related evoked potentials (ERP) were recorded 
from 47 human immunodeficiency virus (HIV)—positive 
subjects examined twice and 29 HIV-positive subjects 
examined three times at 6-month intervals. The P, latency 
significantly increased over time for asymptomatic subjects 
and subjects with acquired immunodeficiency syndrome 
(AIDS) and AIDS-related complex. N, latency was pro- 
longed relative to control values in both HIV-positive 
groups but did not increase with time. The P, latency cor- 
related with neuropsychologic measures of motor control 
and speed of mental processing. Confounding factors (ac- 
tive or previous substance abuse, developmental disabili- 
ties, and history of closed head injury or epilepsy) did not 
significantly affect ERP latencies. Endogenous ERP compo- 
nents are frequently abnormal in HIV-positive subjects and 
the P, latency progressively increases over time. Continued 
follow-up is required to determine the clinical utility of ERP 
studies in the HIV-positive population. 
(Arch Neurol. 1992;49:396-400) 


l nterest in cognitive impairments associated with human 
immunodeficiency virus (HIV) infection is consider- 
able. These changes, clearly recognized in a high per- 
centage of subjects late in the course of the disease (“ac- 
quired immunodeficiency syndrome [AIDS] dementia 
complex”), also may be present in a more subtle form 
early in the disease (“HIV-related mild cognitive 
impairment”). While the frequency of mild cognitive 
impairment early in the course of HIV infection is debated 
to range from 0% to 40%, autopsy studies do indicate a 
high prevalance of subclinical brain involvement that may 
represent the pathologic substrate for early cognitive 
dysfunction. Neuropathologic abnormalities are found in 
50% of nondemented HIV-positive patients.*° 

The Po) or P, event-related potential (ERP) has been re- 
ported to be abnormal in a range of dementing 
illnesses,°™ including asymptomatic (ASX) HIV-positive 
subjects and patients at risk for Huntington’s disease, 
despite the fact that the anatomic and physiologic basis of 
this potential remains controversial.'*!? Goodin et al‘ re- 
ported prolongation of all ERP component latencies in a 
cross-sectional analysis of HIV-infected individuals. 
Twelve (28%) of 41 ASX HIV-positive patients and seven 
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(78%) of nine demented patients with AIDS had at least 
one ERP evoked potential component latency prolonged 
by at least 2 SEs from age-adjusted control values. Ollo et 
al’ reported P3 latency prolongations in a small (N=9) 
AIDS-related complex (ARC)/AIDS group relative to con- 
trols and a group of ASX HIV-positive subjects (N=9). 
Both groups of authors noted the need for longitudinal 
studies to establish the relationship of these changes to 
other markers of disease progression. 

Although these studies suggest the possible value of 
ERPs in the early detection of HIV brain involvement, 
they are limited by their cross-sectional nature. In addi- 
tion, neither study considered the possible effects of con- 
founding factors in these subjects (drug use, preexisting 
history of brain injury, etc) that are known to be highly 
prevalent in the HIV-positive population.” These factors 
are important but are difficult to control for. 

If the ERP is sensitive to the early neuropathologic 
changes of AIDS or other subclinical processes, it would 
be expected that the ERP may be capable of detecting 
subclinical involvement and the progression of disease 
that would not otherwise be evident. If the ERP is related 
to underlying neuropathologic change in HIV-positive 
patients, this would result in an increase in ERP compo- 
nent latencies over time and also eventually resulting in 
a correlation between the ERP abnormalities and neu- 
ropsychologic measures of cognitive dysfunction. Recog- 
nition of disease activity in individuals otherwise consid- 
ered to be in clinically stable conditions would have 
important therapeutic implications. 

We are engaged in a longitudinal study of a cohort of 100 
HIV-positive subjects that is designed to determine the value 
of clinical neurophysiologic, neuropsychologic, and neuro- 
logic assessments in detecting and documenting early pro- 
gression of peripheral and central nervous system changes 
due to HIV involvement. We report herein our results of ERP 
data from this analysis, which includes an assessment of the 
effect of confounding factors on ERP components and the re- 
lationship of changes in ERP component latencies to neu- 
ropsychologic test factors. 


SUBJECTS AND METHODS 


Ninety-two male subjects and eight female subjects are partic- 
ipating in this ongoing study. When analyzed, 51 were ASX 
(Centers for Disease Control [CDC] classification II-III); 36 were 
classified as having ARC (CDC IVA); and 13 were classified as 
having AIDS (CDC IVB-IVE). Due to limited numbers of subjects 
with AIDS, ARC and AIDS were combined in a single symp- 
tomatic (SX) group. Risk factors included homosexual contact in 
75, exposure to blood products in nine, heterosexual contact in 
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three, intravenous drug use in two, and both intravenous drug 
use and sexual contact in 11. These subjects are being examined 
every 6 months with a battery of neurologic, neuropsychologic, 
and neurophysiologic assessments. Of the 100 subjects enrolled 
in the study, ERP data have been obtained from 82 (43 ASX, 39 
SX) at the initial examination, 47 (19 ASX, 28 SX) of whom have 
been examined twice, and 29 (16 ASX, 13 SX) of whom have been 
examined three times. The average age, at the initial examina- 
tion, of those subjects in whom ERP data were obtained was 33.4 
years (range, 19.8 to 63.3 years). 


Control Subjects 


Normal healthy volunteer subjects were recruited among 
hospital personnel. These were 16 male subjects and 13 female 
subjects with a mean age of 32.9 years (range, 23.9 to 57.0 years). 


Electrophysiologic Studies 


An auditory oddball paradigm was used with the 1-Hz pseu- 
dorandom presentation of frequent (85%) tone pips (10- 
millisecond rise, 15-millisecond plateau, 10-millisecond fall) at 
1000 Hz and rare (15%) at 2000 Hz. A minimum of 200 responses 
were averaged from Pz, Cz, and Fz using A; as reference. Band- 
pass was 1 to 100 Hz; 650 milliseconds of data were recorded 
without the use of a prestimulus baseline. In one channel, the 
electro-oculogram was recorded with artifact reject set to reject 
samples at 80% of the full analog-to-digital converter range. Du- 
plicate responses were obtained in all cases. Subjects were asked 
to keep a mental record of the number of rare tones. Data were 
not accepted from subjects unable to produce an accurate count 
of infrequent tones. 


Response Measures 


Ni, Pa N2, and P; peaks were visually identified in the C;-A; 
derivation. Other channels were used, if necessary, to assist in 
peak identification. In cases in which the P; peak latency was 
ambiguous, lines were drawn parallel to the ascending and de- 
scending slopes of the P; component and the intersection of 
these lines was taken as the P; latency. N, and P, latencies were 
identified in responses to frequent tones. 


Confounding Factors 


Subjects were assigned to one of three groups based on the 
severity of potential confounding factors: 0, no confounding 
factors; 1, moderate confounding factors were past substance 
abuse, current major depression, current generalized anxiety 
disorder, or low Wechsler Adult Intelligence Scale—-Revised 
(WAIS-R) vocabulary score; 2, severe confounding factors were 
preexisting neurologic disease, preexisting severe psychiatric 
disease (schizophrenia, bipolar disorder, or psychotic depres- 
sion), active substance abuse, developmental disability, or less 
than ninth-grade education. 


Neuropsychologic Assessments 


The neuropsychologic battery assessed nine domains of func- 
tioning: (1) verbal recent memory (Wechsler Memory Scale para- 
graphs, Russell procedure; Rey Auditory Verbal Learning Test; 
(2) figural recent memory (Wechsler Memory Scale designs, Rus- 
sell procedure; delayed recall of Rey Complex Figure); (3) 
language (WAIS-R Vocabulary, Boston Naming, Speech Sounds 
Perception Test; (4) visuospatial and constructional (WAIS-R Block 
Design, Benton Judgment of Line Orientation, Rey Complex 
Figure copy); (5) concentration and speed of mental processing 
(WAIS-R Digit Span, WAIS-R Digit Symbol, Wechsler Memory 
Scale-Mental Control, Trails A, Stroop Word and Color, Sea- 
shore Tonal Memory; (6) initiation/inhibition/mental flexibility 
(Trails B, Stroop Color-Word, Controlled Oral Word Associa- 
tion, Ruff Figural Fluency); (7) fine motor functioning (Lafayette 
Grooved Pegboard, Finger Tapping); (8) tactile perception 
(Halstead-Reitan Finger Agnosia, Fingertip Number Writing); 
and (9) gross motor (Timed Gait, Hand Dynamometer). 
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Data Analysis 

Cross-sectional and longitudinal analyses were completed us- 
ing SAS. Three methods of analysis were used: (1) analysis of 
covariance with the independent variables of disease stage (con- 
trol, ASX, SX) and the dependent variables of ERP component 
latencies (N,, Pz, N2, P3) with age as a covariate; (2) repeated 
measures multivariate analysis of variance with the dependent 
variables of ERP component latency; (3) determination of the 
number of component latencies exceeding age-regressed control 
values by 2 SEs. Component amplitudes were not analyzed in 
this study. 

Pearson's Product Moment Coefficient correlations, with age 
partialed out, were computed to assess relationships between 
the severity of confounds measure and each ERP component la- 
tency. In addition, a subset of confounds (preexisting neurologic 
disease, active substance abuse, or developmental disability) 
most likely to be associated with neurologic injury, and hence 
most likely to affect the ERP, was analyzed in relation to ERP 
component latencies. 

Neuropsychologic measures were evaluated by examining the 
correlations between ERP component latencies and those do- 
mains most likely to be affected by AIDS-related impairment. 
Selected measures were as follows: gross motor, fine motor, 
concentration and mental processing speed, _ initiation/ 
inhibition/mental flexibility, figural memory, and verbal mem- 


ory. 
RESULTS 


During the period of investigation, the patient group 
was remarkably stable clinically. Only five subjects 
changed disease classification. Three subjects changed 
from ASX to ARC, one from ASX to AIDS, and one from 
ARC to AIDS. No consistent changes in ERP component 
latencies were observed in these subjects. Only one 
patient with AIDS was demented at the initial examina- 
tion. This patient did not have a recordable P, component 
but did have normal N; and P, latencies. He died prior to 
any follow-up. A second subject with AIDS, not impaired 
at the initial evaluation, had development of clinical de- 
mentia between his second and third examinations. At 
the initial and second examinations only the N, of this 
subject exceeded the age-adjusted control value by 2 SEs, 
while N;, N2, and P; all exceeded age-adjusted control 
values at the third examination, after dementia was clin- 
ically evident. 

Significant differences in neuropsychologic test scores 
were found between the ASX and SX groups. Outside the 
context of the relationship of these changes to the ERP la- 
tencies, these findings will not be discussed in detail as 
they are being prepared for separate publication. 


ERP Component Data 


Analysis of Covariance.—Mean ERP component mea- 
sures obtained at the initial and third examinations are 
shown in Table 1 with control values. N, and P, compo- 
nent latencies were not significantly different among 
controls, ASX, and SX subjects at either point in time 
(P>.05). At the initial evaluation statistically significant 
latency prolongations relative to control values were ob- 
served only for the N, component (F[3,106] =3.27, 
P=.02). No significant differences were noted between 
the HIV-positive subgroups. At examination 3, the N, 
(F[3,61]=7.07, P=.004) and the P, (F[3,70]=6.3, 
P= .0008) were significantly different than control values, 
still with no significant HIV-positive intergroup differ- 
ences. 

Multivariate Analysis of Variance.—P; latency, rela- 
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Table 1.—Group Mean Comparisons 
Examinations 1 and 3 


Group/ 
Examination 





P; 





Table 2.—Repeated Measures Three Examinations* 


Examination 


Component 









Controls 
ASX1 
SX 1 
ASX 3 16 91.1 
SX 3 


307.8 
299.9 
307.5 
325.3] 
325.24 















170.7 220.5 





*Control<asymptomatic (ASX) P= .0083. 
+tControl<symptomatic (SX) P= .0005. 
+Control<ASX P= .022. 

§Control<SX P=.0001. 

|| Control<ASX P=.028. 

{Control<SX P=.018. 


10 uV per Division 





0 200 400 600 
Latency, ms 


Fig 1.—Data from a human immunodeficiency virus—positive sub- 
ject are shown. C;-A; derivation is illustrated from examinations 6 
months apart (1 to 3). The P; latency increased from 295 to 321 mil- 
liseconds while earlier components did not change significantly. 
Positivity at Cz produces an upward deflection. 


tive to the initial examination, increased significantly in 
the HIV-positive subjects at examination 3 (Wilks = 0.38, 
F[2,14]=11.36, P=.001) (Table 2). Despite the significant 
group mean differences between controls and HIV- 
positive subjects for the N, component, significant in- 
creases for this component were not found across time. A 
trend was noted for prolongation of the P) component 
with time (P= .053). Representative data from one subject 
are shown in Fig 1. 

Component Latencies Exceeding 2 SEs of Age- 
Adjusted Control Values.—Also consistent with re- 
peated measures testing, the number of subjects whose P, 
component latencies exceed control values by 2 SEs (Ta- 
ble 3) progressively increased. Figure 2 illustrates N, and 
P; data from all HIV-positive subjects at examination 3 
plotted against age-regressed control means. 


Effects of Confounding Factors 


Confounding factors, including the subset of factors 
selected as markers for possible previous neurologic 
injury, did not have a significant correlation with any 
component peak latencies at the initial examination. 
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N: 
ASX 





*ASX indicates asymptomatic; SX, symptomatic. 
tP = .053 time effect only. 
P = .0012 time effect only. 


Group/ 
Examination N,% P% 


ASX 1 7 


N2% P3% 





ASX 2 
ASX 3 
SX 1 
SX 2 
SX 3 
*ASX indicates asymptomatic; SX, symptomatic. 


Correlations With Neuropsychologic Testing 


Two stepwise multiple regressions were used to investi- 
gate which neuropsychologic domains were useful in pre- 
dicting the ERP component latency after accounting for age. 
A stepwise multiple regression with all neuropsychologic 
domain scores used to predict P; found the domains of fine- 
motor control and speed of processing to be significant 
(F[3,84] =4.89, R?=.15, P= .03); however, this accounted for 
only 15% of the P; variance. When the subset of HIV-related 
neuropsychologic domains was used to predict P}, the motor 
component (combined gross and fine motor) was significant 
(F[1,78] =4.99, R?=.06, P=.06), although only 6% of the 
variance in P, was explained by the model. 

Change scores were derived for the P, latency and the 
neuropsychologic domain scores by subtracting each 
subject’s score at examination 1 from scores at examina- 
tion 3. The resulting difference scores were then exam- 
ined for correlations with ERP component latencies. Only 
the total neuropsychologic difference score was correlated 
with P; latency (r[39]= —.44, P<.005). However, when 
the variance due to age was partialed out, this failed to 
reach significance. 

To further investigate possible neuropsychologic cor- 
relates of latency shifts in P;, we divided all HIV-positive 
subjects into two groups: those whose P; latency had in- 
creased by more than 20 milliseconds between the first 
and second examination and those whose P; latency had 
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Fig 2.—N, (left) and P; (right) latencies from the third examination of each subject are plotted with the normal age regression line derived 
from control subjects. Upper and lower lines indicate +2 SEs. See Table 3 for the number of subjects exceeding normal age regression value 
by 2 SEs. Squares indicate asymptomatic subjects; diamond signs, subjects with acquired immunodeficiency syndrome (AIDS); plus signs, 


AIDS-related complex; and straight lines, control mean+2 SEs. 


not increased by 20 milliseconds or more. We found no 
significant difference between these two groups with re- 
spect to any of the neuropsychologic measures. 


COMMENT 


These results indicate that significant prolongations of 
Nz and P; components of the ERP are found in a clinically 
stable group of HIV-positive patients. The P; latency in- 
creased significantly with time, while the N, latency, sig- 
nificantly prolonged over age-adjusted control values in 
ASX and SX subjects, did not. The P, latency showed a 
trend for increase over time while the N; latency neither 
differed significantly from control values nor increased 
with time. Significant differences between the ASX and 
SX groups were not found for any component latency. 
These changes in ERP latencies over time were not asso- 
ciated with any clinically apparent progression of disease. 
Recently, Everall et al” have reported neuronal loss in the 
frontal cortex in HIV-positive subjects both with and 
without clinical diagnosis of HIV encephalitis. It is possi- 
ble, therefore, that the ERP changes we have observed, 
and those reported by others, are neurophysiologic man- 
ifestations of loss of frontal neurons. 

Although we did not study our controls repeatedly over 
time, previous studies have documented the reproduc- 
ibility of the ERP over time.”!” The latency increases for 
the P; seen with repeated examination are far in excess of 
what would be expected to occur due to age alone. The 
increase in P; latency in HIV-positive subjects over time 
is more significant than the cross-sectional differences 
from controls. At the third examination, for example, 
three (19%) of 16 ASX subjects and four (31%) of 13 SX 
subjects had P; latencies exceeding age-adjusted control 
values by 2 SEs. We chose to define abnormal as exceed- 
ing the mean control value by 2 SEs since this had been 
used earlier by others.*’ Our findings indicate a low sen- 
sitivity of the ERP if performed at a single point in time. 
Given the recognized lack of specificity of evoked poten- 
tial abnormalities, the ERP, obtained at one point in time, 
appears to be neither sensitive nor specific in the HIV- 
positive population. The increasing latency over time, 
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however, may prove to be more valuable as an indicator 
of subclinical disease progression. 

Goodin and Aminoff* reported delays of the earlier (N,, 
P») as well as later (N2, P;) component latencies in subjects 
with “subcortical” dementia (Huntington’s and Parkin- 
son’s disease) but only of the later (N2, P3) latencies in 
“cortical” dementia (Alzheimer’s disease). Goodin et al 
more recently have reported latency delays of early and 
late ERP components in SX and ASX HIV-positive sub- 
jects consistent with their previous observations in sub- 
cortical dementia. Our results differ from those of Goodin 
et al in revealing only significant latency prolongations of 
the later components (N2, P3). Our results are more con- 
sistent with those of Ollo et al’ who found changes in P, 
latency without any change in N;. Ollo et al also found a 
prolongation in the P, latency for which we found only a 
trend for an increase. Studies indicate that a preferential 
delay of later components can be seen early in the course 
of the subcortical dementia of Huntington’s disease"! 
and in the presence of demyelination in multiple sclero- 
sis.” 

Our finding of a differential shift of the N, latency may 
be due to a number of factors. In part this may be an ar- 
tifact of the different variation encountered in these peak 
latencies, the P; variance being much greater than the N). 
This would also, in part, account for the fact that there are 
a greater number of N, than P; latencies that exceed 2 SEs. 
However, existing data suggest that similar shifts in N, are 
seen in the cortical dementia of Alzheimer’s disease. 
Polich et al’ reported an analysis of P; components in early 
Alzheimer’s disease in which data presented in graphic 
form clearly show more significant latency shifts of the N, 
than the P; components in the Alzheimer group. Also, 
Ball et al," in a longitudinal study, reported that the N, 
latency, not the P; latency, was the first to reach statisti- 
cal significance between a group of patients with Alz- 
heimer’s disease and matched controls. 

Technical factors are unlikely to account for the differ- 
ences between our data and those of Goodin et al,° but 
differences in the subjects studied might. The symptom- 
atic group of Goodin et al was much more severely 
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affected than our SX group and it is also likely that the 
ASX groups differ in the degree of subclinical involve- 
ment. If the ERP is indeed capable of detecting subclini- 
cal disease among ASX HIV-positive subjects, then con- 
siderable variation between independent studies would 
be expected since the prevalence of subclinical disease in 
any ASX group cannot, by definintion, be determined. 

The lack of correlation between ERP component latencies 
and disease classification in our study is likely, in part, an 
artifact of the method by which AIDS is defined. Since the 
classification does not depend wholly on central nervous 
system involvement, patients classified as having AIDS may 
not have significant central nervous system involvement 
while patients classified as being ASX may actually already 
have central nervous system involvement. Progression from 
ASX to AIDS can occur without any apparent involvement 
of the nervous system. For these reasons, a high correlation 
between a test sensitive to early central nervous system in- 
volvement in ASX subjects and disease classification is not 
expected. This would be particularly true in a healthy pop- 
ulation of subjects such as ours. 

We could not demonstrate a significant correlation be- 
tween confounding factors and ERP measures. This was so 
even when subsets of factors that are particularly likely to be 
associated with brain injury were analyzed. This indicates 
that the ERP may be more useful, at least in some instances, 
than neuropsychologic testing, whichis susceptible to the in- 
fluence of confounding factors such as depression.” 

Although there are significant correlations between 
subsets of neuropsychologic data and the ERP data, these 
correlations do not account for a large portion of the vari- 
ance in the ERP data. The ERP latency changes in this 
study correlated with neuropsychologic test domains in- 
volving motor control (fine and gross motor) and mental 
processing speed. The latter domain included Digit Span 
and Digit Symbol that have been shown to correlate with 
P, latency in other conditions.'*** It is likely that the 
correlation between P; latency and motor control we ob- 
served is a manifestation of altered reaction time, a known 
correlate of P, latency,” although we did not measure re- 
action time directly. We did not perform neuropsycho- 
logic testing on our control population, these correlations 
being observed among the HIV-positive subjects only. 

It appears that the changes in ERP component latencies 
may occur in a sequential manner during the continuing 
process of HIV disease. Although the data permit only 
speculation at this point, it appears that the earliest 
changes occur in the later, endogenous components (ini- 
tially with the N,, later with the P;), with the earlier com- 
ponents (N;, P2) becoming delayed later. This pattern is 
consistent with an early subcortical process as seen in 
Huntington’s disease as well as with an early cortical 
process. It is unclear whether a single process or multiple 
processes may be acting to produce these changes, and it 
remains possible that the earlier changes in ASX subjects 
are not requisite precursors of AIDS dementia. The 
important question regarding the predictive value of the 
ERP in this setting will require continued follow-up of 
these subjects. 
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Acts directly on the serotonin 
receptors thought to be the 
source of migraine pain*'? 

È FAST RELIEF—In a group of 21 patients treated 


with D.H.E. 45, the mean pain score dropped 
71%! in 30 minutes’ 
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Unlike ergotamine tartrate: 


È A venoconstrictor with minimal arterial 
vasoconstricting activity*° 


Ọ Reduced incidence of nausea‘ 


) Aborts ongoing headache‘ 


*In animal models D.H.E. 45 was shown to bind selectively to 5-HT,, 
serotonin receptors. Clinical significance has not yet been 
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tMean pain scores fell from 83 to 25 on a scale of 0 to 100, with 100 being the worst possible. 
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“For many [episodic migraine] patients drug dependence 


cycles have become established: for others, disabling 


headaches continue unabated, seemingly indefinitely. 
The use of DHE...has revolutionized the therapeutic 
approach to this segment...” 
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DESCRIPTION 


D.H.E. 45® is hydrogenated ergotamine as the mesylate. It is a clear, colorless, stable ampul 
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Dihydroergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the 
smooth muscle of peripheral and cranial blood vessels, and produces depression of central 
vasomotor centers. The compound also has the properties of serotonin antagonism. In 
comparison to ergotamine, the adrenergic blocking actions are more pronounced, the vaso- 
constrictive actions somewhat less pronounced, and there is reduced incidence and degree of 
nausea and vomiting. 

i ea of action occurs in 15 to 30 minutes following intramuscular administration and persists 
for 3-4 hours. 

Repeated dosage at 1 hour intervals up to 3 hours may be required to obtain maximal effect. 
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As therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so-called 
“histaminic cephalalgia” when rapid control is desired or when other routes of administration are 
not feasible. 

CONTRAINDICATIONS 

Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal 
function, sepsis and pregnancy. Hypersensitivity. 
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Numbness and tingling of fingers and toes, muscle pains in the extremities, weakness in the 
legs, precordial distress and pain, transient tachycardia or bradycardia, nausea, vomiting, 
localized edema and itching 

There have been reports Sot pleural and retroperitoneal fibrosis in patients following prolonged 
use of dihydroergotamine. 
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DOSAGE AND ADMINISTRATION 

For vascular headache, 1 mL intramuscularly at first warning sign of headache, repeated at 
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headaches to find the minimal effective dose for each patient and this dose should then be 
employed at onset of subsequent attacks. Where more rapid effect is desired, the intravenous 
route may be employed to a maximum of 2 mL. Total weekly dosage should not exceed 6 mL. 
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Failure to observe the upper limits of repeated parenteral dosage may result in eventual onset 
of the peripheral toxic signs and symptoms of ergotism. Treatment includes discontinuance of the 
drug, warmth, vasodilators, and good nursing care to prevent tissue damage. 
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Psychiatric Disturbances in 
Metachromatic Leukodystrophy 


Insights Into the Neurobiology of Psychosis 


Thomas M. Hyde, MD, PhD; James C. Ziegler, MD; Daniel R. Weinberger, MD 


© Metachromatic leukodystrophy is a rare inherited disor- 
der of the nervous system. Symptoms initially can present 
during childhood, adolescence, or adulthood. Psychiatric 
symptoms, including complex auditory hallucinations and 
bizarre delusions, are a prominent feature of metachro- 
matic leukodystrophy presenting when the patient is be- 
tween 12 and 30 years. One hundred twenty-nine published 
case reports were reviewed, focusing on the presence of 
psychosis. Psychosis was present in 53% of the published 
case reports of adolescent and early adult-onset metachro- 
matic leukodystrophy, a much higher prevalence than that 
seen with other primary neurological disorders. The patho- 
logical lesion of metachromatic leukodystrophy is demyeli- 
nation of the central and peripheral nervous systems, par- 
ticularly the subfrontal white matter, suggesting that 
psychosis may result from the disruption of corticocortical 
and corticosubcortical connections, especially involving 
the frontal lobes, While similar lesions appear in the infan- 
tile, juvenile, and late adult forms of metachromatic leu- 
kodystrophy, psychotic symptoms were reported only in 
those cases presenting in adolescence and young adulthood, 
suggesting that age is another important neurobiological 
factor in the development of psychosis. 
(Arch Neurol. 1992;49:401-406) 


T aparen leukodystrophy (MLD) is a rare neuro- 
logical disorder, first described by Alzheimer 80 
years ago.' In a number of cases, psychosis occurs early 
in the course of the disorder. Indeed, the frequency of 
delusions and hallucinations alone may distinguish MLD 
from other neurological diseases. 

A familial disorder, MLD is caused by a deficiency in the 
enzyme arylsulfatase A. In most pedigrees, the disorder 
is inherited in a recessive pattern with incomplete pene- 
trance.? Partial or complete absence of arylsulfatase A 
leads to the accumulation of sulfatides in the central and 
peripheral nervous systems, which leads to demyelina- 
tion of axons and peripheral nerves. Neuronal cell bodies 
are unaffected. However, at end stage, cytoplasmic accu- 
mulation of sulfatide has been reported in some neuronal 
populations. Metachromatic leukodystrophy can present 
clinically in infancy, childhood, adolescence, or adult- 
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hood. The age at onset appears to be related to the degree 
of enzyme deficiency. The greater the degree of preserved 
biological activity of arylsulfatase A, the later the onset of 
symptoms. 

The diagnosis of MLD can be established in many ways. 
The presence of demyelination and metachromatic gran- 
ules in the brain at autopsy is the oldest method.*? More 
recent methods include the measurement of excessive 
sulfatide excretion in the urine, or decreased arylsulfatase 
A activity in the urine, leukocytes, fibroblasts, or other 
tissues.* Slowed nerve conduction velocities and periph- 
eral nerve biopsy specimens showing demyelination with 
metachromatic granules can be used to confirm the diag- 
nosis. The presence of central demyelination can also be 
detected by computed tomography or magnetic reso- 
nance imaging.” 

A striking feature of MLD presenting in adolescence or 
early adulthood is the presence of psychosis, with disor- 
ganized cognitive processes, delusions, and auditory 
hallucinations. In fact, many of these patients initially re- 
ceive the diagnosis of schizophrenia. Thus, an analysis of 
the case study literature and neurobiological nature of 
MLD may be informative in understanding the neurobi- 
ological nature of non-MLD psychosis. 


SUBJECTS AND METHODS 


We reviewed the 20th-century literature for case reports of 
metachromatic leukodystrophy confirmed by postmortem 
changes, enzyme analysis, peripheral nerve biopsy, and/or the 
presence of sulfatides or metachromatic granules in the urine. 
For case reports from early in the century, neuropathological 
documentation of diffuse cerebral demyelination with metachro- 
matic granules was considered adequate diagnostic confirma- 
tion. In more recent cases, biochemical criteria, including sul- 
fatide levels or arylsulfatase A activity, were required for 
inclusion in this review. Cases lacking this evidence were 
excluded from the study. Reports were reviewed on subjects 
ranging from 2 to 62 years of age. All psychiatric and behavioral 
symptoms were closely analyzed. A complete compendium of 
case reports was obtained through computerized literature 
searches and cross-referencing bibliographies. Translations from 
the original German, French, or other foreign languages were 
supplied by trained medical translators and physicians. 

Most case reports were found in the neurological and neuro- 
pathological literature. These articles usually were directed at the 
neurological and neuropathological correlates of MLD. Psychi- 
atric and behavioral abnormalities were noted in much less de- 
tail, if at all. This bias against neuropsychiatric abnormalities 
makes the frequent notation of psychotic behavior in many case 
reports even more remarkable. It is reasonable to assume that, 
in many cases, clinical behavioral features that were not over- 
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whelming or essential to the neurological diagnosis probably 
would not have been mentioned at all. 


RESULTS 


One hundred twenty-nine neuropathologically and/or 
biochemically confirmed published case reports of MLD 
were reviewed. Psychiatric findings suggestive of psy- 
chosis were found only within the cohort of patients with 
adolescent or early adult-onset of MLD. Fifty-five con- 
firmed cases of MLD with age at onset between 10 and 30 
years were identified. These are summarized in Table 
1.7 The fifty-five cases were contained in 37 sources. 
Twenty-eight sources were published in English, seven in 
German, and two in French. Symptoms and/or a diagno- 
sis of psychosis were mentioned in 53% of these reports. 

As noted in Table 1, when hallucinations were re- 
ported, they were almost always auditory in character. 
Frequently, they were described as “hearing voices.” In 
some cases, however, they were described in more detail 
and were usually complex, involving voices commenting 
on the patient’s behavior. Many of the psychotic patients 
did not appear to be “organic.” In fact, in 15 cases, they 
were considered schizophrenic. This diagnosis was sup- 
ported in some cases by descriptions of bizarre behavior, 
inappropriate affect, fragmentation of thinking, catatonic 
posturing, strange gesturing, poor concentration, inap- 
propriate giggling, talking to oneself, and poor insight, all 
typical of schizophrenia. Table 2 shows the prevalence of 
psychotic phenomena in these case reports. It can be seen 
that psychosis in adolescent and early adult-onset MLD is 
much more frequent than in selected surveys of Hun- 
tington’s disease (HD, Table 3)** or temporal lobe 
epilepsy (Table 4).°°° 


COMMENT 


The results of this survey of the 20th-century MLD lit- 
erature indicate that psychosis is often the initial mani- 
festation of the adolescent or early adult-onset form of this 
disease. Indeed, psychosis may be the most frequent 
presenting symptom of this disease in this age group. 
Many of these subjects were misdiagnosed with schizo- 
phrenia and treated by psychiatrists, due to the presence 
of a classic psychosis and the initial absence of neurolog- 
ical findings. Unequivocal neurological signs such as 
dysarthria, spasticity, and hyperreflexia often did not 
present until several years after the onset of psychosis. 

The frequency of auditory hallucinations in adolescent 
and early adult-onset MLD is particularly noteworthy. 
Auditory hallucinations were reported in every case in 
which hallucinations were mentioned. The hallucinations 
usually were described as hearing voices.”?”8** Occa- 
sionally these were described in more detail. For example, 
one case report noted “actual voices which used to keep 
him awake at night. He heard people calling him a 
chiropodist, people laughed at him on the street; he used 
to hear a woman’s voice in the house where he lived say- 
ing she was in love with him.”” The hearing of multiple 
voices, making complex and usually denigrating obser- 
vations about the patient, is considered a classic feature 
of schizophrenia.“ While auditory hallucinations have 
been reported in other neurological disorders, they usu- 
ally do not consist of multiple voices or formed commen- 
tary on the subject’s behavior. In Currie’s study of tem- 
poral lobe epilepsy, while 17% of the patients described 
auditory hallucinations, unformed noises were five times 
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more common than formed sounds or voices.” The char- 
acter of the auditory hallucinations in MLD seems to be 
more like those in schizophrenia than the auditory hallu- 
cinations usually encountered in neurological disorders. 

In addition to auditory hallucinations, other behavioral 
manifestations bearing a striking resemblance to aspects 
of schizophrenia were reported. These included refer- 
ences to thought fragmentation, catatonic posturing, bi- 
zarre gesturing, poor concentration, inappropriate gig- 
gling, talking to oneself, and poor insight. In the absence 
of hard neurological signs, it is not surprising that many 
of these patients were considered to suffer from schizo- 
phrenia or other primary psychotic disorders. 

Our findings of a high prevalence of psychosis in ado- 
lescent and early adult-onset MLD were obtained through 
an exhaustive review of the neuroscientific literature 
spanning more than seven decades. These case reports 
usually focused on the neurological and neuropatholog- 
ical correlates of MLD rather than the psychiatric findings. 
Therefore, our summary probably underestimates the 
frequency of psychotic features in adolescent and early 
adult-onset MLD. In contrast, studies that are cited to 
make an association between psychosis and HD (Table 3) 
and between psychosis and temporal lobe epilepsy (Table 
4), and that reveal a much weaker association with psy- 
chosis than does MLD, usually include focused psychiat- 
ric evaluations and reports. 

In light of the high frequency of psychosis in adolescent 
and early adult-onset MLD, the neurobiological nature of 
this disorder may help elucidate the pathogenesis of psy- 
chosis in general. Neuropathological and neuroimaging 
studies indicate that demyelination in MLD usually be- 
gins within the frontal lobes. "1341648 Gray matter is min- 
imally affected. The demyelination preferentially affects 
the periventricular frontal white matter and corpus callo- 
sum, while sparing the arcuate fibers. As the disease 
progresses, demyelination spreads throughout the fore- 
brain, and psychotic features gradually disappear, re- 
placed by sensorimotor neurological signs and dementia. 
The disappearance of psychosis as demyelination spreads 
suggests that the experience of psychosis requires patho- 
logical function of some structures accompanied by intact 
function of others. 

The neuropathological correlate of psychosis in MLD, ie, 
demyelination of primarily frontal white matter, is surpris- 
ing in light of conventional neuropathological models of psy- 
chosis, which have tended to emphasize gray-matter disease 
involving most often limbic areas of the temporal lobes. In 
general, focal injury or disease of the frontal lobe rarely is as- 
sociated with psychosis. Injury or disease of the temporal 
lobe, however, is more often associated with psychotic 
symptoms.” Although temporal-lobe white matter is af- 
fected in MLD, the severity of the changes, particularly early 
in the illness, is minor compared with the changes in the 
frontal lobes. That psychosis occurs with unparalleled fre- 
quency ina condition lacking prominent gray-matter disease 
orinvolvement of the temporal lobe raises the possibility that 
the traditional cliniconeuropathological correlation for psy- 
chosis may need to be revised. The cliniconeuropathological 
correlation in MLD suggests that psychosis can result from 
and perhaps depends on dysfunctional connectivity be- 
tween certain extrafrontal and subcortical structures with the 
frontal lobe. 

The possibility that disruption of specific components 
of frontal connectivity may be critical for the expression of 
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Table 1.—Case Reports of Adolescent and Early Adult-Onset MLD* 


Age at Onset, 
Source, y y/Sex Delusions Hallucinations Psychiatric Diagnosis 


Kaltenbach,” 1921 22/M Grandiose 



































Ferraro,” 1927 20/F Paranoid a 

25/M Paranoid Auditory 

21/M te 
van Bogaert and Nyssen,” 1938 19/M Paranoid sues ans 
Wicke,” 1938 19/F T Auditory, olfactory Schizophrenia 

16/F ans 
van Bogaert and DeWulf,’ 1939 21/M Grandiose 
Norman,” 1947 14/F 
Tariska,”® 1959 18/M 

12/F se fee ee 
Peiffer,” 1959 18/F Grandiose Auditory Schizophrenia 

19/M caus Soe Schizophrenia 
Sourander and Svennerhom,” 1962 12/F T Auditory Schizophrenia 
Helmstaedt,* 1963 21/M Paranoid Sok Depression with schizoid 

elements 
Hollander and Pilz,” 1964 28/F set Kah “Crying and laughing 
for no reason” 
Sakai and Tano,” 1965 19/M TE E Suspected schizophrenia 
Austin et al,° 1968 26/M E fand Personality change 
Betts et al,” 1968 28/M Paranoid Auditory 
Roizin et al,” 1968 19/M Grandiose, ideas of seas Mania 
reference 

Muller et al,” 1969 19/F Grandiose 
Brion et al,” 1970 13/M eee ee aie 
Pilz et al,” 1971 24/M Paranoid Auditory Transient psychosis 

24/M ic Pg Mania 















Hirose and Bass,” 1972 21/F sits 
Guseo et al,*® 1975 28/F TE as Personality change 





















Joosten et al,? 1975 27/M sa E Personality change 
Percy et al,” 1977 18/M 

18/F 

16/M T TE 
Hoes et al,” 1978 26/M Paranoid Auditory TE 
Manowitz et al,” 1978 15/F pafz atl Schizophrenia 

18/M Grandiose Auditory, visual Schizophrenic reaction 
Markiewicz et al,” 1978 14/F ee isa 
Tagliavini et al,“ 1979 26/M Sga Sa Personality change 
Besson,” 1980 22/F Grandiose Auditory Possible schizophrenia 
Mahon-Haft,* 1981 18/F TE de Schizophrenia 

14/F zau on Schizophrenia 

26/F ZT a Se Schizophrenia 
Skomer et al," 1983 20/F isi Ee Psychosis 
Scully et al,"* 1984 14/M = saa TE 
Schipper and Sedel,” 1984 15/F sia ae Hebephrenic 

22/F aiee jaz Subeuphoric 
Wulff,“ 1985 22/M E ba 

22/M PT Auditory Sha 
Finelli,"* 1985 11/F 3453 ae Schizophrenia 
Cerizza et al,” 1987 27/F so saws sae 
Satoh et al, 1988 19/F eT = oh Taciturnity 

15/F MES si Taciturnity 








Schaffer et al, 1988 18/M Paranoid 
*MLD indicates metachromatic leukodystrophy. 


Schizophrenia 
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Table 2.—Psychosis in Metachromatic Leukodystrophy 
No. (%) 
10/55 (18) 









Patients with hallucinations 







Patients with delusions 15/55 (27) 
Patients with diagnosis of schizophrenia 
or psychosis 19/55 (35) 









Patients with hallucinations, delusions, and/or 
diagnosis of schizophrenia or psychosis 


Table 3.—Psychosis in Huntington’s Disease 


No. (%) With 


29/55 (53) 








l 
Diagnosis of 
Schizophrenia 
or Psychosis 


Source, y Hallucinations Delusions 





Rosenbaum,* 
1941 


Panse,” 1942 
Streletzki,® 
1961 


Oltman and 
Friedman,” 
1961 


Heathfield,” 
1967 


Dewhurst et al,” 
1969 


Bolt,* 1970 
Folstein et al,” 
1979 


Caine and 
Shoulson,™ 
1983 


Table 4.—Psychosis in Temporal Lobe Epilepsy 


No. (%) Also 
With Schizophrenia 
or Psychosis 


27/46 (59) 38/46 (83) Tr 


23/461 (5) 


67/1200 (6) 


4/57 (7) 


9/80 (11) 


13/102 (13) 51/102 (50) 


109/334 (33) 


7/102 (7) 
26/334 (8) 


2/11 (18) 7/11 (64) 2/11 (18) 


5/30 (17) 








Source, y 















Gibbs and Gibbs,” 1952 65/678 (10) 
Small et al,* 1962 6/25 (24) 
Currie et al,” 1971* 12/666 (2) 
Standage and Fenton,™® 1975 1/19 (5) 
Shukla et al, 1979 11/62 (18) 






Roberts,” 1990 25/249 (10) 


“Includes a significant number of pediatric patients. 





psychosis may help explain why even those extrafrontal 
lesions that are frequently associated with psychosis only 
occasionally present with this syndrome. For example, 
acquired lesions of the temporal lobe usually are insuffi- 
cient to produce psychosis. In temporal lobe epilepsy, 
despite the almost invariable presence of pathological 
changes in the temporal lobe, only about 10% of patients 
at most suffer a psychosis (Table 4). Similar maximum 
frequencies of psychosis have been reported with other 
temporal lobe lesions. It is likely that only certain struc- 
tures within the temporal lobe are critical elements of the 
neural network subserving psychosis. The MLD litera- 
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ture raises the possibility that those structures involved 
in communication with the frontal lobe are especially 
important. 

The validity and generalizability of the MLD model of 
psychosis depends to a great extent on the notion that 
psychosis is much more frequent in this disease than in 
other neurological conditions. This notion seems to be 
justified with respect to epileptogenic lesions of the tem- 
poral lobe (Table 4). Another neurological disorder often 
cited as being associated with psychosis is HD. Many 
studies, however, have overestimated the incidence of 
psychotic symptoms in this disorder. Ascertainment bias 
and small sample size compromise the utility of many of 
the studies listed in Table 3. The prevalence of psychosis 
is probably closer to the 5% figure of Panse” and 
Streletzki* than the 17% to 18% reported by others.34 
Even the latter is much lower than the 53% figure that we 
have found for adolescent and early adult-onset MLD. 

The pathological character of HD does share some fea- 
tures with that of MLD. Neuronal loss in the striatum in 
HD probably disrupts corticostriatal circuits. In addi- 
tion, neuronal loss and atrophy may occur within the 
frontal cortex of patients with HD.©® Variations in the 
severity of the frontal disease in HD may explain the 
variable expression of psychosis in this illness. In support 
of this supposition, positron emission tomographic scans 
have revealed that frontal cerebral glucose metabolism is 
lower in patients with HD with psychosis than those 
without.” Wilson’s disease has also been commonly cited 
as a neurological disorder with psychotic features. This 
impression has been based on anecdotal experience and 
individual case reports rather than detailed clinical series. 
However, in a recent study of 195 subjects with Wilson’s 
disease (average age, 19.7+8.7 years), only two experi- 
enced hallucinations and three reported delusions.® 

Disruption of myelinated pathways is also the neuro- 
pathological hallmark of multiple sclerosis (MS). How- 
ever, MS is rarely associated with psychosis.” In two large 
surveys, the incidence of psychosis in patients with MS 
did not exceed chance.®” A recent magnetic resonance 
imaging study of MS revealed increased temporal lobe 
demyelination in patients with psychiatric disturbances. 
However, only one patient in this small cohort suffered 
from psychosis, and all patients in this study had exten- 
sive extratemporal lesions.” 

The rarity of psychosis attributable to MS, in contrast to 
adolescent and early adult-onset MLD, may have several 
explanations. First, the lesions in MS are usually small, 
unlike MLD. Second, by the time sufficient demyelination 
has occurred in the appropriate psychotogenic anatomi- 
cal locations in MS patients, the central nervous system 
may be too damaged elsewhere to manifest psychosis. 
Additionally, it is also conceivable that the time course of 
demyelination (ie, slow in MLD, fast in MS) is a factor. 

In considering the relevance of dysfunctional frontal 
connectivity for the development of psychosis in MLD, it 
is important to note that a unique condition associated 
with large prefrontal white matter lesions, prefrontal leu- 
kotomy, has not been linked to the production of psy- 
chosis. It might be argued that the experience with MLD 
would predict that prefrontal leukotomy would cause 
psychosis. The fact that it does not may help better char- 
acterize the relationship between the neuropathological 
nature of MLD and psychosis. Prefrontal leukotomy is an 
acute lesion, whereas the lesion in MLD develops slowly 
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over many years. The lesion site in prefrontal leukotomy 
usually is more anterior and inferior and more circum- 
scribed than the lesion in MLD.” Furthermore, and per- 
haps most importantly, MLD presumably produces dys- 
function of frontal connectivity rather than the complete 
obliteration of connectivity produced by prefrontal leu- 
kotomy. The possibility that dysfunctional connectivity 
has a different clinical impact than disconnection is sug- 
gested by recent studies of the effects of temporal lobe le- 
sions on prefrontal cognitive functions. Hermann and 
colleagues” reported that patients with temporal lobe ep- 
ilepsy who perform poorly on neuropsychological tests of 
prefrontal function, presumably because of abnormal 
communication between the temporal and frontal lobes, 
improve on these tests after temporal lobectomy. 

The MLD literature further suggests that while frontal 
demyelination of the MLD type may be a necessary cor- 
relate of psychosis, it is not a sufficient one. This conclu- 
sion is unavoidable because psychosis is seen only in ad- 
olescent and early adult-onset cases of MLD, while the 
frontal lesion is characteristic of all cases, regardless of 
age. A similar age-related pattern for the presence of psy- 
chosis is seen in other neurological disorders associated 
with psychosis, such as HD, Wilson’s disease, ceroid li- 
pofuscinosis, systemic lupus erythematosus, and head 
trauma.” Like MLD, the neuropathological nature of 
these disorders does not vary markedly between age 
groups. This implicates adolescence and early adulthood 
as a particularly vulnerable period for the development of 
psychotic behavior, irrespective of the underlying patho- 
logical process. 

Finally, the data about psychosis and MLD may help 
elucidate neural mechanisms involved in psychosis asso- 
ciated with primary psychiatric disorders such as schizo- 
phrenia. Recent in vivo and postmortem studies of 
patients with schizophrenia have found subtle anatomi- 
cal deviations of limbic temporal lobe% and less reliably 
of frontal cortex.*** These neuropathological changes 
appear most consistent with a developmental abnormal- 
ity.” In addition to these anatomical findings, in vivo 
physiological studies using positron emission tomo- 
graphic and regional cerebral blood flow techniques sug- 
gest that there is hypoactivity of prefrontal cortex, espe- 
cially during cognitive tasks that normally activate the 
prefrontal cortex.’ The most reliable task for eliciting 
prefrontal hypofunction in schizophrenia is the Wiscon- 
sin Card Sorting Test, a working memory test analogous 
to tasks that in rhesus monkeys activate a neural network 
involving the hippocampus and the prefrontal cortex.” 
The failure of prefrontal activation during the Wisconsin 
Card Sorting Test in patients with schizophrenia appears 
to be related to the extent of the anatomopathological 
change existing outside of the frontal cortex,” suggesting 
that the frontal physiological abnormality itself reflects a 
failure of functional connectivity. Schizophrenia, there- 
fore, analogous to adolescent and early adult-onset MLD, 
may be a disorder with dysfunctional connectivity of 
frontal cortex that occurs at a critical period in the course 
of brain maturation. Unlike MLD, however, schizophre- 
nia is not associated with progressive degeneration of 
other neural systems, the normal functions of which are 
necessary for the continuing manifestation of psychosis. 
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Callosal Morphology Concurs With Neurobehavioral 
and Neuropathological Findings in Two 
Neurodevelopmental Disorders 


Paul P. Wang, MD; Sally Doherty, PhD; John R. Hesselink, MD; Ursula Bellugi, EdD 


e To integrate neuroimaging, neuropathologic, and neu- 
ropsychological findings, computer-assisted morphometry 
was applied to magnetic resonance images of the corpus 
callosum in adolescents with Down and Williams syn- 
dromes and in control subjects. Callosa of subjects with 
Down syndrome were distinctively: rounded in form, con- 
sistent with Down syndrome brachycephaly. These callosa 
also showed decreased widths throughout their rostral fifth, 
which serves frontal lobe projections. This finding corre- 
lates with the hypocellularity and hypofrontality of neocor- 
tex in subjects with Down syndrome and with their neu- 
ropsychological profile of frontal lobe dysfunction. Callosa 
of subjects with Williams syndrome generally resembled 
control specimens, in congruence’ with their frontal lobe 
structure and better preserved frontal lobe function. These 
results represent a convergence of findings across levels of 
neuroscientific investigation. pa E 

(Arch Neurol. 1992;49:407-411) 
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CC should not be surprising. In fact, a case of CC hypopla- 
sia in DS has been reported, but without further details. ° 

Williams syndrome (WS) is a second syndrome of cogni- 
tive impairment, of probable genetic etiology.” (Williams 
syndrome is medically defined by its facies, including stel- 
late irises, medial eyebrow flare, long philtrum, full lips, 
malar flattening, and upturned nose with low nasal bridge; 
frequent supravalvar aortic stenosis and peripheral pul- 
monic stenosis; frequent hypercalcemia in infancy; and 
dental, renal, skeletal, and other anomalies.**”) Our labo- 
ratory is engaged in a program of studies designed to inves- 
tigate the unusual neuropsychological profile of subjects 
with WS in contrast to age- and IQ-matched subjects with 
DS. We have found that adolescents with WS show signif- 
icantly better abilities on a variety of linguistic tasks as well 
as in spontaneous language.” They also display remark- 
able abilities in facial recognition and on measures of 
linguistic affect.” On visuospatial tasks, where subjects 
with DS are generally better, adolescents with WS show 
marked peaks and valleys of ability.” 

As part of a large, multidisciplinary study of the neu- 
robiologic bases of language development, Jernigan and 
Bellugi obtained magnetic resonance studies on these 
two contrasting groups. Employing computer-assisted 
voluming procedures developed by Jernigan, they found 
comparable reductions of cerebral volume in DS and WS 
but with clear morphologic differences between the two 
groups. Whereas the scans of subjects with DS showed a 
brachycephalic appearance consistent with the aforemen- 
tioned hypofrontality, the scans of subjects with WS 
tended toward dolichocephaly. In addition, subjects with 
WS showed preservation of the cerebellum as a whole and 
the neocerebellar lobules of the vermis in particular. This 
vermal pattern is opposite to that found in autism, where 
neocerebellar lobules VI and VII are hypoplastic.*” 

Herein we report the results of global and regional 
analysis of CC structure in the same group of subjects 
with WS and DS. Such regional analysis allows us to 
compare the structure of the CC with the known neu- 
roanatomic findings and the well-established neuropsy- 
chological profiles of subjects with DS and WS. 


SUBJECTS AND METHODS 


We analyzed magnetic resonance images that had been ob- 
tained by Jernigan and Bellugi** and collaborators as part of a 
large, multidisciplinary study of the neurobiologic bases of lan- 
guage development. Of the eight subjects with DS and 11 with 
WS recruited, one with DS lacked a technically adequate midsag- 
ittal scan. Of those remaining, the DS group (two males, five fe- 
males) ranged in age from 10 to 20 years, and the WS group (five 
males, six females) ranged in age from 10 to 20 years. No signif- 
icant differences were noted in age or IQ between the groups. The 
diagnoses of DS and WS had been established by medical exam- 
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Fig 1.—Fully processed tracing, using Stereology software, of a 
control subject’s corpus callosum. The perimeter, 99 widths, cen- 
ter line, rectangle length (r-length), and r-height are all illustrated. 


Measures 





Global 
Area 
r-Length 
r-Height 
Circularity 
Perimeter 
Center length 
Sum of all widths 


Regional: sum of widths 
1-19 
20-39 
40-59 
60-79 
80-99 





*For explanation of measures, see text. Interrater reliability val- 
ues were computed by analysis of variance across five repeated 
measures. 


ination and by karyotype analysis for the children with DS. We 
also analyzed scans from 17 age-matched normal control subjects 
previously recruited by Jernigan and collaborators.” Sixteen of 
them had served as controls for studies on language/learning im- 
pairment, and one had been recruited for studies of psychiatric 
disorders. All controls were screened with medical and social his- 
tories. The first 16 also underwent extensive language and cog- 
nitive testing. From the entire set of subjects, we were able to 
match five individually from each of the three groups based on 
age and sex. These subjects with DS and WS also matched on full- 
scale IQ. Informed consent was obtained from all subjects and 
from their parents (for subjects with DS and WS and for nonadult 
controls) after full explanation of the procedures involved. 

We obtained T,-weighted midline sagittal images with a General 
Electric Signa scanner, under a 1.5-T field, at the University of 
California, San Diego/AMI Magnetic Resonance Institute. A 
256x256 matrix and 24-cm field of view were used to obtain 5- 
mm-thick slices. The specific imaging protocol has been presented 
previously.” All scans were coded for “blind” analysis. 

The CCs from the original digitized images were magnified by 
a factor of 8, using an image-processing program (NIH Image 
1.19). Images were then laser printed at a resolution of 300 dots 
per inch. Thus, the CCs were studied at a magnification of 3.02 
times life size. Images were then traced on a Kurta IS/ADB dig- 
itizing tablet, using Penworks software, after appropriate cali- 
bration. The magnification used was the largest that fit on the 
digitizing tablet. Morphometric analyses were carried out on a 
Macintosh SE/30, with Stereology software (KSS Scientific Con- 
sultants, Magna, Utah). 

As described by Denenberg et al, Stereology computes a pe- 
rimeter, area, and several other measures for each tracing. An op- 
erator designates rostral and splenial terminal points for the CC, 
thus defining caudal-and ventral surfaces. Each surface is then 
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marked at its percentile points. Corresponding caudal and ven- 
tral points are connected, giving the 99 callosal widths. The des- 
ignated terminal points are then repositioned as necessary to 
minimize the sum of the 99 widths, yielding a more intuitive “fan- 


shape” to the 99 widths. The midpoints of the 99 widths are con- © 


nected to form the center line of the CC. Finally, the program 
draws a rectangle, based on the lowest points of the genu and 
splenium, thatencloses the CC. The length and height of this rect- 
angle are determined (r-length and r-height), and their ratio is 
calculated. This ratio is referred to as the “circularity.”**!>? In ad- 
dition, we studied five regions of the CC, demarcated by the 20th, 
40th, 60th, and 80th width lines. The sum of all 20 widths in each 
region was computed. For each CC, the entire tracing and anal- 
ysis procedure was repeated five times by a single experimenter. 
An example of a completely processed image is given in Fig 1. 

Two-tailed nonparametric statistical analyses were performed using 
StatView 512+ for the Macintosh. The Kruskal-Wallis analysis of vari- 
ance by rank was employed for three-group comparisons across all 
subjects. Post hoccomparisons between two groups were made by the 
Mann-Whitney U test. For the matched groups, the Friedman two- 
way analysis of variance by rank was carried out. 


RESULTS 
Reliability 
Intrarater reliability was calculated for each of the 
parameters measured. These included the “global param- 
eters”: area, r-length, r-height, circularity, center length, 
perimeter, and the sum of all 99 widths, as well as the 
“regional parameters”: the summed widths in each of the 
five regions. Results are given in Table 1. As the results 
show, the procedure employed was extremely reliable. Of 
the parameters generated directly by Stereology, the 
lowest reliability for a single determination was r= .977. 
The regional parameters also were highly reliable. Subse- 
quent statistical analyses used the mean of five determi- 
nations for each parameter. 


Global Morphology 


Full clinical interpretations of the scans have been 
reported elsewhere.* Despite the distinct, syndromic 
profiles of cerebral structure discussed above, no abnor- 
malities of the CC were reported for any of the scans. 

Results for the global parameters are given in Table 2. 
Although no significant differences were found in area, 
the means were smaller in the DS and WS groups, in 
comparison with controls. In subjects with WS, r-length 
(length of the enclosing rectangle), center length, and pe- 
rimeter were all significantly shorter than control. How- 
ever, the circularity was no different in subjects with WS 
than in the controls. These results suggest a smaller but 
similarly shaped CC in subjects with WS. 

In subjects with DS, the trend toward smaller cross- 
sectional area was reflected in shorterr-length. However, the 
CC of subjects with DS did not differ in mean height, center 
length, or perimeter. A qualitative difference in the shape of 
the DS callosa thus emerged: they were significantly more 
rounded than either WS or control corpora. This difference 
can be seen in Fig 2, which shows typical images from pa- 
tients with DS and WS. Quantitatively, this distinction is re- 
flected in the circularity parameter (r-length/r-height; P<.001 
overall, P<.002 vs both WS and control). The DS and WS 
groups did not overlap at all on circularity (Fig 3). 


Regional Structure 


A profile of all 99 widths, from genu to splenium, is 
given in Fig 4 for all three study populations. The figure 
suggests that the CC in subjects with DS was thinner ros- 
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Table 2.—Global Morphology of Corpus Callosum 














Measure, Mean + SD Down Syndrome Williams Syndrome Control 
Area, mm? 589+79.6 563+81.0 6094131 
r-Length, mm* 65.6+4.24t 69.0+2.42+ 73.25.22 
r-Height, mm 25.3+2.83 21.81.50 23.6+2.89 
Circularity* 2.60+0.167t§ 3.180.235 3.14+0.374 
Perimeter, mm|| 197+15.7 185+6.64t 200+14.9 
Center length, mm| 89.3+7.34 81.4+3.18t 87.3+6.67 
Sum of all widths, mm 726+77.5 754+79.6 7584115 





*P < ,001, Kruskal-Wallis analysis of variance, among all three groups. 
+P < .002, Mann-Whitney U vs control. 

+P < .02, Mann-Whitney U vs control. 

§P < .002, Mann-Whitney U vs Williams syndrome. 
||P < .01, Kruskal-Wallis analysis of variance, among all three groups. 





Fig 2.—Midsagittal magnetic resonance images in Down syndrome (left) and Williams syndrome (right). Note the relative callosal circularity 


and cerebral hypofrontality of the Down syndrome image. 














5 
4 
5 O 
= 4 
> | 
= si 
E 
| g 
2A =] T T 
Down Williams Control 
Syndrome Syndrome 


Fig 3.— Scatter plot of the circularity ratio (ratio of rectangle length 
to width [r-lengthir-height]) for callosa from each group. The 
Williams and Down syndrome ratios show no overlap. 
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Fig 4.—Profile of the 99 callosal widths in each group. In the most 
anterior fifth of the callosum, the sum of the widths is smaller in 
subjects with Down syndrome (dashes) than among controls (solid 
line). Dotted line indicates subjects with Williams syndrome. 
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trally than in either subjects with WS or control subjects. 
Statistical analysis bore out this impression for the sum of 
the first 20 widths (P<.01 among all three groups, P<.002 
DS vs control; the DS vs WS and control vs WS compar- 
isons approached but did not reach significance). Because 
the total sum of 99 widths was slightly less in subjects with 
DS than among controls, it seemed possible that the re- 
gional finding might just have reflected a global disparity. 
Therefore, we analyzed the sum of the first 20 widths as 
a proportion of the sum of all 99 widths. This analysis 
confirmed that the first 20 widths are shorter in subjects 
with DS (P<.01 overall, P<.002 DS vs control). No other 
portion of the CC was significantly different among the 
three groups. 

A second analysis of the rostral CC was made, utilizing 
Denenberg’s statistical topography of the human CC.’ In 
a factor analysis of 104 human CCs, he found that the 99 
widths clustered into seven groups. The first of these 
groups comprised widths 3 through 18. Comparison of 
these widths among DS, WS, and control groups mirrored 
the findings for widths 1 through 19. 

The global and regional analyses were repeated for the five 
subjects from each group who were individually matched. 
The same pattern of differences was found. The circularity 
was again different in subjects with DS (P<.05 overall), and 
the first 20 widths of the callosum were shorter both abso- 
lutely and proportionally (P<.01 overall). 


Sex Factors 


Sex-related differences in CC structure are the subject 
of controversy. The argument for such differences is 
probably strongest for total CC area, and for the areas of 
the genu and splenium.*** Also, Denenberg et al! found 
that the CC is more circular in adult women than adult 
men. Therefore, we repeated these four analyses on our 
female subjects only (the number of male subjects was too 
small for statistically powerful analysis). Total area and 
widths 80 through 99 (corresponding to the splenium) still 
revealed no effect among the three groups. The first 20 
widths did still show an effect, at the P<.05 level among 
all three groups, with DS less than control at P=.02. On 
circularity, female subjects with DS were significantly 
different as well (P<.01 overall, P=.002 vs both subjects 
with WS and controls). 


COMMENT 


The callosal findings elucidated herein demonstrate 
that the hypoplasia of frontal cortex in DS is manifest in 
the interhemispheric projection system. These findings 
contribute to a coherent pattern of frontal lobe disease in 
DS. We consider, first, some technical issues in relation to 
this study, and then proceed to the convergent neuro- 
pathologic and neuropsychological findings in DS. 

Denenberg et al**' have discussed the Stereology 
method at length. In comparison with planimetry and 
hand measurements, its validity for global measures is 
good. We add a demonstration of excellent intrarater re- 
liability for the method employed. 

Our regional measures also compare closely with the 
few regional measures that have been reported in the lit- 
erature. For example, the proportional size of the poste- 
rior fifth of the CC averaged 24.1% +1.9% in our control 
population, vs 24.6% (right hemisphere speech- 
dominant) to 29.5% (bilateral dominance) in the report of 
O’Kusky et al,' and 25.6% (male) to 27.9% (female) in the 
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postmortem series of Clarke et al. Some differences might 
be related to the fact that this study measured the 
proportion of the last 20 widths to the sum of all widths, 
whereas Clarke et al measured cross-sectional areas. 
While these should be closely correlated, the match may 
not be exact. Witelson® and Hynd et al’ also examined re- 
gional areas, but they employed vertical divisions rather 
than divisions based on the curved callosal profile. 

In the same article, Witelson® argues strongly for the 
importance of a sex and handedness interaction in deter- 
mining callosal structure. Due to the paucity of consis- 
tently right-handed subjects with WS and DS, however, 
we could not address this question statistically. As shown 
above, though, our female subjects showed the same ef- 
fects as did the whole groups. 

The neuropathological framework for DS and WS was 
discussed earlier. As stated then, there are syndromic pat- 
terns of gross cerebral anatomy: brachycephaly in DS and 
dolichocephaly in WS. These hemispheric patterns match 
well with the global callosal geometry found herein: more 
circular in DS and elongated in WS. Figure 2 shows DS and 
WS callosa in their matching hemispheric contexts. 

Also, regional analyses of the CC showed that its arite- 
rior portion was more narrow in subjects with DS than in 
those with WS or among controls. The validity of this 
finding is supported by internal and external checks: the 
findings held true on an absolute basis and as a propor- 
tion of the whole CC, and also when repeated with 
Denenberg’s cluster of widths 3 through 18. It is an 
important result because the anterior portion of the CC 
serves frontal lobe projections. In humans, this rostral 
fifth of the CC demonstrates wallerian degeneration in the 
setting of focal lesions of the inferior frontal lobe.” In the 
macaque monkey, the same portion of the CC shows au- 
toradiographic staining when discrete sectors of the pre- 
frontal cortex are injected with radiolabeled amino acids.° 

This callosal narrowing does not represent a common 
dysgenesis. Barkovich and Norman™ pointed out that 
dysgenesis of the CC occurs caudally because it results 
from interruption of the normal developmental sequence, 
which proceeds from genu to splenium. (An exception is 
that the rostrum develops last.) Rather, hypoplasia must 
result from an insult to the cortex or white matter after 18 
to 20 weeks of gestation, when formation of the CC is 
completed. This is consistent with the finding of Schmidt- 
Sidor et al’® that frontal lobe hypoplasia in DS is not found 
until after the 22nd week of gestation. Thus, the frontal 
lobe hypoplasia of DS is echoed in one of its major pro- 
jection systems. 

Behaviorally, the subjects with DS of this study are de- 
ficient on a number of tasks thought to reflect frontal lobe 
function. Relative to age- and IQ-matched subjects with 
WS, these deficits include poor verbal fluency, a tendency 
toward perseveration on a test of verbal memory, and 
greater difficulty on tasks requiring flexible problem- 
solving strategy (S.D., U.B., and Dean Delis, PhD, un- 
published data, June 1991). Furthermore, abnormalities in 
event-related potentials have been reported over the 
frontal cortex in DS, across a wide age range. These 
include abnormalities elicited by novel stimuli in the con- 
text of repetitive background stimuli.**** Such results also 
are congruent with findings of deviant habituation be- 
havior in DS (as reviewed by Wagner et al). 

The specific function of the anterior callosum is less 
clearly defined. Commissurotomy -studies have sug- 
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gested that it may be involved in the transfer of semantic 
information.” This hypothesis would be consistent with 
the poor semantic fluency of subjects with DS (see above). 
Additionally, Hynd et al’ have reported that the cross- 
sectional area of the genu is smaller in children with at- 
tention deficit-hyperactivity disorder. He suggests that 
this is consistent with the behavioral suggestion of defi- 
cient frontal systems in attention deficit-hyperactivity 
disorder. 

No regional differences in structure were found for the WS 
group in comparison with controls. In comparison with the 
DS group, the subjects with WS showed relative preserva- 
tion of the rostral fifth of the CC. This is consistent with the 
contrast that our laboratory has demonstrated between sub- 
jects with WS and DS in frontal lobe volume and on tasks that 
reflect frontal lobe function.*5 

Witelson and Kigar* suggested that study of the regional 
structure of the CC might prove fruitful in relation to neu- 
ropsychological issues and in relation to the developmental 
study of cortical regions. We note that studies of the callosum 
in genetically defined patient groups can contribute also to 
the understanding of brain-behavior relationships. 
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Age-Related Regional Differences in 
Cerebellar Vermis Observed In Vivo 


Naftali Raz, PhD; Ivan J. Torres, MS; Wesley D. Spencer; Ken White; James D. Acker, MD 


© We investigated age-related differences in the cerebel- 
lar vermis. The areas of five vermal regions of interest 
were estimated from digitized midsagittal magnetic reso- 
nance imaging scans of 29 healthy volunteers and 30 
neurologically intact patients (aged 18 to 78 years) who 
were free of vestibular symptoms, seizures, psychosis, or 
alcoholism. The five regions of interest included the fol- 
lowing: (1) lingula and centralis, (2) culmen, (3) declive, 
folium, and tuber, (4) pyramis, and (5) uvula and nodu- 
lus. The ventral pons was used as a control region. After 
covarying skull size, we found a significant age-related 
reduction in the total area of the cerebellar vermis. The 
area of the dorsal regions declined with age, whereas the 
ventral segments of the vermis—lingula-centralis and 
uvula-nodulus—showed no significant age-related shrink- 
age. Notably, the area of the most dorsomedial portion, 
the declive-folium-tuber, tended to be more strongly as- 
sociated with age than other segments. The pontine area 
was unaffected by age. No sex differences were found in 
the area of the vermis or its subdivisions, but the ventral 
pontine area was larger in male subjects than in female 
subjects, even after adjustment for skull size. The mech- 
anisms underlying the observed differences are unclear. 
It appears, however, that phylogenetically more recent 
vermal regions, which are late to mature and are en- 
dowed with more extensive cortical connections, are the 
most vulnerable to the effects of aging. 
(Arch Neurol. 1992;149:41 2-416) 


capil degeneration of the cerebellum has been 
reported consistently in postmortem (PM) studies. 
The available PM evidence suggests that aging is associ- 
ated with a general reduction in cerebellar weight! as well 
as increased attrition of Purkinje cells in the cerebellar 
hemispheres and vermis.** The data regarding granule 
cells are far less definitive, but it is believed that they also 
are affected by aging. In contrast to apparent pervasive 
aging of the cerebellum, the neighboring brain-stem 
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structures (pons and medulla) maintain their size 
throughout the life span.! 

To date, PM studies have provided the bulk of infor- 
mation on age-related changes in cerebellum. Although 
indispensable in studies of the microstructure of the hu- 
man nervous system, PM methods have an obvious dis- 
advantage: the sample of brains for a PM investigation can 
be drawn only from the population of individuals who 
have died of diseases and injuries. Noninvasive neuroim- 
aging techniques (computed tomography and magnetic 
resonance imaging [MRI]), however, made possible visu- 
alization of gross neuroanatomy in intact, behaving sub- 
jects. Unfortunately, computed tomographic imaging of 
the posterior fossa only permits a very gross evaluation of 
the cerebellum. In contrast, the cerebellar hemispheres, 
the vermis, its subdivisions, and its white-matter tracts 
are clearly identifiable on MRI scans.*’ Surprisingly, no 
quantitative MRI evaluation of the gross regional neu- 
roanatomy of the cerebellar vermis in healthy elderly 
subjects has, to our knowledge, been conducted. We re- 
port herein the results of an MRI investigation of regional 
changes in the cerebellar vermis observed in human sub- 
jects in vivo. 


SUBJECTS AND METHODS 


The sample was drawn from two sources. First, we used MRI 
scans of 29 healthy volunteers (17 male subjects) from commu- 
nities in northern Illinois. The subjects from this subsample were 
screened for a history of alcoholism, psychiatric and neurologic 
disorders, diabetes, or hypertension. The age range in this sam- 
ple was 18 to 78 years. All elderly subjects lived independently, 
and most were gainfully employed. The majority of the subjects 
(N= 26) underwent on-line measurement of regional spin-lattice 
relaxation times (T,). The results of that investigation have been 
reported elsewhere.’ 

In addition, we obtained MRI scans of 30 patients (10 male) 
who underwent a radiologic examination at the Diagnostic Im- 
aging Center of the Baptist Memorial Hospital, Memphis, Tenn, 
as a part of a routine diagnostic work-up. Referrals for MRI were 
made by primary care physicians in the greater Memphis area. 
The predominant presenting complaints were headaches, fa- 
tigue, neck and back pain, numbness, and tingling sensation in 
the extremities. None of the patients were hospitalized because 
of major psychoses or alcoholism. Scans of patients with actual 
or suspected seizure disorders and vestibular symptoms were 
excluded. The age range in the Memphis subsample was 18 to 
67 years. Altogether the combined sample consisted of 27 male 
and 32 female subjects who were 18 to 78 years old. 
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Fig 1.—Midsagittal magnetic resonance imaging slice. Highlighted 
structures are clivus (1), ventral pons (2), and five segments of the 
cerebellar vermis: lingula and centralis (3); culmen (4); declive, fo- 
lium, and tuber (5); pyramis (6); and uvula and nodulus (7). The area 
used to estimate skull size is outlined by the solid black line. 


MRI Protocols 


Imaging of the Illinois subsample was performed on a 
permanent-magnet scanner (Fonar Beta-3000 0.3 T, Fonar Corp, 
Melville, NY) at the University of Health Sciences/Chicago (Ill) 
Medical School. Images were obtained in a spin-echo mode with 
a 256 x 256 matrix, two excitations per projection, and a 22-cm 
field of view. Nine sagittal slices were acquired with an echo time 
of 28 milliseconds and a repetition time of 600 milliseconds, a 
slice thickness of 4.2 mm, and an interslice interval of 6.0 mm. 

Imaging of the Memphis subsample was performed on a 
scanner (GE/Signa 1.5 T, General Electric Co, Milwaukee, Wis) 
with a superconductive magnet located at the Baptist Memorial 
Hospital Diagnostic Imaging Center. The sagittal sequence was 
obtained in a spin-echo mode with a 256 x 256 matrix, one exci- 
tation, and a 24-cm field of view. The range of echo time was 16 
to 20 milliseconds, and repetition time was 600 to 800 millisec- 
onds. The total of 17 sagittal slices was acquired using a slice 
thickness of 5 mm and an interslice interval of 2.5 mm. 


Computer-Assisted MRI Analysis and 
Region of Interest (ROI) Definitions 


Planimetric measures were performed on the MRI scans using 
a visual image analysis system (JAVA, Jandel Scientific Corp, 
Corte Madera, Calif). The MRI films were positioned on a light 
table, and each frame was captured by a video camera (Panasonic 
WV-1500, Panasonic, Seacaucus, NJ), digitized via a frame- 
grabber board (TARGA-8M, AT&T Corp, Murray Hill, NJ), and 
stored ina general purpose desktop computer. For measurement 
and analysis, the images were redisplayed on the video monitor 
(Sony Trinitron PVM-1340, Sony Corp, Tokyo, Japan). The ROIs 
were outlined on the screen by a trained operator via a digitiz- 
ing tablet (Summasketch II, Summagraphics Corp, Seymour, 
Conn) and the image contrast was enhanced using the specific 
software (JAVA). After digital image filtering and contrast 
enhancement, the area of each ROI was computed by this soft- 
ware. At all stages of ROI tracing and measurement, the oper- 
ators were unaware of patients’ age and sex. 

The cerebellar vermis, its five ROIs, and the ventral pons 
(another metencephalic structure used as a control ROI) are 
depicted in Fig 1. The borders of the ROIs were determined 
as follows: 

(1) The cross-sectional areas of the cerebellar vermis and the 
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ventral pons were measured on the midsagittal slice as high- 
lighted in Fig 1. Five segments of the vermis were measured 
separately. The first ROI was bound by the superior medullary 
velum and the preculminate fissure and included the lingula and 
lobulus centralis—lobules I to III in the nomenclature of Larsell 
and Jansen.’ The culmen (lobules IV to V), demarcated by the 
preculminate and primary fissures, made up ROI 2. The third 
ROI included the declive, the folium, and the tuber (lobules VI 
to VII). Its boundaries were defined by the primary and the 
prepyramidal fissures. The fourth ROI was the pyramis (lobule 
VIII) bound by the prepyramidal and secondary fissures. The 
fifth ROI was composed of the uvula and the nodulus (lobules 
IX and X) located between the secondary fissure and the inferior 
medullary velum. For all ROIs, the apex of the fourth ventricle 
served as the meeting point of their upper and lower borders. 

Identification of the lobules was verified against two neuroan- 
atomic atlases.” As it has been observed before,’ in some cases 
(about 9% of our sample) uvula and the cerebellar tonsil are not 
readily distinguishable due to the partial volume effect. In ana- 
lyzing those images, we used the following rules to determine 
the borders of the ROI 5. First, the tonsil itself was identified. 
That identification was performed with relative ease due to the ~ 
tonsil’s characteristic ellipsoid shape and its orientation along 
the medullary axis. Then the lateral borders of the tonsil were 
ascertained using parasagittal images adjacent to the midsagit- 
tal slice. To define the lower border of the vermis, an arc was 
drawn clockwise between the two points at which the tonsil 
and the vermis were discernible. Thus, in questionable cases, 
an interpolated lower border of ROI 5 was used in computa- 
tion of its area. 

(2) The ventral pons was easily identifiable on the midsagittal 
cut as an elliptic structure. The ventral border was obvious, and 
the dorsal border was determined by the medial lemniscus that 
appeared on the MRI as a narrow strip of reduced signal inten- 
sity. Defined in such a way, the pontine area excluded the retic- 
ular formation and nucleus raphe magnus, which were located 
more dorsally. 

(3) To estimate skull size, we used the area bound by the in- 
ner table of the skull, the line drawn from the glabella to the apex 
of the clivus, and a horizontal line connecting the apex of the cli- 
vus to the back of the skull (Fig 1). 

The reliability of the area measures for the skull, total cerebel- 
lar vermis, and ventral pons were assessed by two raters (N.R. 
and K.W.)on six randomly selected scans. The intraclass corre- 
lations" for the area measurements exceeded 0.94, except for the 
pyramis, for which it was 0.89. 


RESULTS 


The total area of the vermis and areas of the ROIs cor- 
related negatively with age, whereas the area of the ven- 
tral pons did not (Table). The relations between the areas 
of all ROIs and age are depicted in Fig 2. 

The magnitude of the negative correlations between the 
age and the ROI areas varied among the vermal regions. 
Correlations between each ROI area and age were com- 
pared after taking into account correlations among the 
ROI areas. Although there was a trend for ROI 3 
(declive-folium-tuber) to exhibit the strongest negative 
association with age, only the correlation between the 
lingula-centralis area and age was significantly smaller 
than the one between the area of the declive-folium-tuber 
and age (Z’ = 2.36, one-tailed P<.009). There was a trend 
for the correlation between uvula-nodulus area and age to 
be smaller than that between age and the area of ROI 3 
(Z =1.42, P<.08, one-tailed). The correlations between 
the areas of culmen and pyramis and age were not signif- 
icantly different from the correlations between other ROIs 
and age. 

Because of partial voluming of the tonsil, the area of the 
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Descriptive Statistics for the Areas of Midsagittal Structures and Age and Correlations Among Them (N=59)* 
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nodulus could have shown greater variability, thus at- 
tenuating the correlation between the area of ROI 5 and 
age. Examination of coefficients of variation of all ROI ar- 
eas indicated that such attenuation was unlikely, for all 
coefficients of variation were between .2 and .3, with 
those for uvula-nodulus and declive-folium-tuber having 
the same value of .26. 

Using regression equations for the ROIs that showed 
significant negative correlation with age, we estimated 
the percentage of shrinkage expected at the age of 70 years 
relative to the structure size measured at the age of 20 
years. This analysis suggests that within the 20- to 70-year 
age span, the area of declive-folium-tuber is expected to 
shrink by about 29%, the area of pyramis would lose 25%, 
whereas the areas of the culmen, uvula-nodulus, and 
lingula-centralis would show reduction of 17%. 

All measured areas correlated positively with the cross- 
sectional area of the skull. Skull size was significantly 
smaller in the Memphis subsample (f[57] = 7.85, P<.001). 
The Memphis sample also contained more women than 
men, whereas in the Chicago sample the sex ratio was re- 
versed. This difference was close to statistical significance 
(x?=3.78, P<.06). To examine age and sex differences in 
the size of the ROIs independently of the differences in 
head size, we performed a multivariate analysis of cova- 
riance. In this analysis, the areas of five vermal ROIs 
formed a vector of dependent variables, and head size 
served as a covariate. The effects of age, sex, and the or- 
igin of the sample (Chicago vs Memphis) as well as their 
interactions were then estimated. 

All interactions were nonsignificant (all F<1), indicat- 
ing the homogeneity of regression of the dependent vari- 
ables on the predictors for both subsamples. Therefore, 
the data were collapsed into a combined sample, and the 
interactive terms were removed from the model. The re- 
sulting reduced model (multivariate analysis of covari- 
ance) yielded a significant overall effect of age on the cer- 
ebellar vermis area (Wilks’ A=.68, F[5,51]=4.78, 
P<.001). No sex-related differences were found in any 
region of the cerebellar vermis (Wilks’ A = .94, F<1). The 
univariate analyses of covariance revealed that three me- 
dial segments of the vermis were affected by age 
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(F[1,55]=8.85 [P<.005], 16.77 [P<.001], and 6.24 
[P<.015]) for the second, third, and fourth ROIs, respec- 
tively. The areas of the first and the fifth ROIs (lingula- 
centralis and uvula-nodulus) were unrelated to age (F<1 
and F[1,55]=3.66, respectively, both not significant). 

A similar analysis of covariance with skull size as a co- 
variate, age as a continuous independent variable, and 
sex as a grouping factor was performed on the ventral 
pontine area. The analysis revealed no significant effect of 
age (F[1,55]=1.52, not significant). However, a signifi- 
cant sex-related difference was observed (F[1,55]=5.67, 
P<.025), ie, male subjects had a larger ventral pons area 
than female subjects even after statistically controlling for 
skull size. 


COMMENT 


The present in vivo measures document a ventrodorsal 
gradient of age-related shrinkage of the cerebellar vermis. 
The age-associated tissue loss is the least profound in the 
most ventral lobules (I, II, III, IX, and X). It is more pro- 
nounced in the intermediate segments (lobules IV, V, and 
VIII), and reaches its highest magnitude in the most dor- 
sal segment of the vermis (VI and VII). This gradient of 
age-related deterioration is depicted in Fig 3. 

In search for possible explanations of the observed pat- 
tern of age-related vermal damage, a wide array of mor- 
phologic, angiologic, ontogenic, and phylogenetic factors 
should be considered. Morphologic characteristics of the 
vermis provide no clues to the mechanisms of differential 
atrophy. There are no noticeable cytoarchitectonic dif- 
ferences among the vermal lobules. Although the Purk- 
inje cells indeed have high oxygen demands and are 
exceptionally susceptible to hypoxia, that property can- 
not explain the pattern of localized damage within the 
vermis. The Purkinje cells as well as the other elements 
of the vermal cortex are uniformly distributed across 
the lobules." 

The second potential explanation of the observed pat- 
tern of vermal degeneration comes from considering dif- 
ferences in the vascular supply of the vermis. Age-related 
reduction in maximal breathing capacity and cardiac out- 
put“ causes a significant reduction of cerebral blood flow’ 
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Fig 2.—Scatterplots depicting the relationship between the area of 
each metencephalic region of interest and age. Solid lines represent 
simple linear regression of each dependent variable on age with re- 
gression equations appearing above each plot. Areas are not 
adjusted for skull size and sex. 


that, in turn, may result in insufficient oxygenation of 
distinct vermal lobules. In that case, the regions that are 
the most remote from the main vessel suffer the most. The 
vermis of the mammalian cerebellum is irrigated by the 
superior and inferior vermal arteries (the tributaries of the 
superior and inferior cerebellar arteries) that irrigate lob- 
ules I through VII and VIII through X, respectively. Both 
cerebellar arteries originate from the basilar artery." 
Thus, age-related vertebrobasilar insufficiency that is 
quite common in the elderly’® may exert greater effect on 
the structures that are farther away from the source than 
those close to it. Unfortunately, estimates of neither nor- 
mal vascular demands nor the magnitude of vascular 
changes in healthy aging cerebellum are available. 
Comparing the patterns of vermal damage occurring in 
maturity with those observed in the fetus suggests that 
ontogenic factors may play a role in determining differ- 
ential regional vulnerability. A pattern of differential de- 
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pons with the regions of interest labeled. The numbers in paren- 
theses indicate the significance of age-related declines (P values) as 


estimated from the multiple linear regression analyses (controlling 
for the effects of sex and skull size). 





generation similar to that depicted in Fig 3 has been ob- 
served in PM studies of subjects with alcoholism,” and in 
MRI investigations of autistic patients’ and of schizo- 
phrenics with a history of perinatal complications.” No- 
tably, investigations of the prenatal influence of alcohol 
suggested a pattern of vermal damage, which is the op- 
posite of that observed among the elderly: the ventral 
lobules are more affected than the dorsal.” In fetal alco- 
hol syndrome, the damage that occurs in utero is appar- 
ently due to the toxic effects of alcohol on the dendrites 
of developing Purkinje cells. Because of the more ad- 
vanced and rapid development of the Purkinje cells in the 
ventral lobules, those regions are hit hardest by alcohol- 
induced metabolic abnormalities.” Why, in the aging 
brain, the regions that develop earlier show lesser vul- 
nerability than the ontogenically older regions is unclear. 
The pattern of connections between the vermis and the 
rest of the brain suggests that the areas vulnerable to ag- 
ing are distinct in their connectivity as well. The lingula 
and the nodulus are almost entirely dedicated to process- 
ing vestibular information. The declive, the folium, and 
the tuber receive projections from the colliculi as well as 
cortico-ponto-cerebellar fibers with virtually no connec- 
tions to lower segments of the central nervous system.” 
It is possible that the loss of cortical neurons in the course 
of aging results in deafferentation and subsequent atro- 
phy of their targets in the vermis. On the other hand, 
connectivity alone does not necessarily mark a structure 
for vulnerability. The ventral pons, which includes the 
brachium pontis, is clearly spared by the aging process 
despite its being a part of the same neural path. 
Finally, the differential vulnerability of vermal lobules 
may also have evolutionary underpinnings. Although the 
cerebellum in general is a phylogenetically old structure, 
it has undergone significant changes along the course of 
primate evolution.” Moreover, its subdivisions are not 
phylogenetically synchronous. The lobules VI and VII 
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that are especially vulnerable to the effects of aging also 
are among the most recent evolutionary developments in 
the cerebellum. In contrast, the lingula and the nodulus— 
probably the oldest parts of the vermis’—are somewhat 
less sensitive to aging. Age-related changes in the cere- 
bellum may follow the pattern observed in the rest of the 
brain”: last to come (in evolution) —first to go (in senium). 
To summarize, we observed a differential effect of ag- 
ing on specific regions of the cerebellar vermis in neuro- 
logically intact individuals. The areas of increased vul- 
nerability tend to be as follows: more remote from the 
major sources of blood supply; the latest to develop in the 
course of embryogenesis and postnatal growth; the new- 
est phylogenetically; and the only vermal segments con- 
nected exclusively to the higher processing centers. 
Currently, it is unclear whether regional vermal atro- 
phy has any functional implications. Future studies 
should concentrate on elucidating the relationship be- 
tween cognitive and behavioral functions and differential 
age-dependent tissue loss in vermal regions. To date, a 
rather broad array of behaviors has been associated with 
the cerebellum. The traditional view of the cerebellum 
emphasizes its role in controlling the timing of motor ac- 
tivity,” whereas some recent interpretations are con- 
siderably broader. The cerebellum has been proposed as 
a structure that is critical for classical conditioning,” 
selective attention,” habituation,” and procedural learn- 
ing.” It has been intimated that even more complex 
problem-solving activities customarily allocated to the ce- 
rebral cortex may depend on cerebellar activity.” Until 
recently, much of the evidence supporting the aforemen- 
tioned models of cerebellar function has been collected 
from neuropsychologic testing of a small number of 
patients with cerebellar diseases and lesions—a rather 
extreme and unusual group. Application of in vivo neu- 
roimaging techniques in conjunction with reliable mea- 
sures of behavior may allow us to validate those models 
against the normal continuum of individual differences. 
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Do NMDA Antagonists Prevent Neuronal Injury? Yes. 
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ae evidence suggests that pharmacologic antag- 

onism of the N-methyl-D-aspartate (NMDA) recep- 
tor can reduce neuronal death following hypoxic-ischemic 
insults. This evidence is derived from experimental 
models, as clinical trials have not yet been completed. 
The observed neuroprotective effects of NMDA antago- 
nists do not represent isolated findings, but rather they 
are predictions of a strong hypothesis implicating 
excitotoxicity — the lethal overstimulation of neuronal glu- 
tamate receptors'*—in the pathogenesis of hypoxic- 
ischemic central neuronal degeneration. 

The excitotoxicity hypothesis has received independent 
support from microdialysis measurements,** which indi- 
cate that during hypoxia-ischemia, extracellular glutamate 
levels can rise to neurotoxic concentrations.’ Other sup- 
porting observations include reduced hypoxic neuronal 
injury following excitatory pathway deafferentation, mor- 
phologic similarities between hypoxic injury and excito- 
toxicinjury, and the prominence of neuronal calcium over- 
load in the pathogenesis of both conditions.*”*Although 
glutamate activates several receptor subtypes, the NMDA 
subtype may play a critical role in mediating the rapidly 
triggered form of excitotoxicity associated with brief, in- 
tense glutamate exposure,’ perhaps reflecting the high cal- 
cium permeability of the NMDA receptor-linked channel.’ 

The neuroprotective action of NMDA antagonists 
against hypoxic insults has been most unequivocally 
demonstrated in vitro, where such insults can be deliv- 
ered to neurons under highly controlled conditions. In 
vitro experiments first drew attention to the role of syn- 
aptic transmission in exacerbating hypoxic neuronal in- 
jury."°"' Glutamate toxicity was implicated by the finding 
that the broad-spectrum glutamate antagonist, gamma- 
D-glutamyl glycine, attenuated hypoxic damage in cul- 
tured hippocampal neurons.” We found that several se- 
lective NMDA antagonists, whether competitive or 
noncompetitive, were all capable of reducing hypoxic 
damage to cultured cortical neurons. ">! Similarly, NMDA 
antagonists enhance functional recovery from hypoxia in 
brain slice preparations.'*'* Collectively, in vitro observa- 
tions suggest that NMDA antagonists can directly reduce 
neuronal vulnerability to hypoxic insults. 

The situation is expectedly more complicated in vivo, 
but almost all studies of NMDA antagonists in animal 
models of focal ischemia have demonstrated reductions of 
infarct (or ischemic injury) volume ranging from 18% to 
88% over untreated controls, with most documenting a 
greater than 50% reduction. When we last reviewed the 
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subject 2 years ago,” nine published studies from eight 
different laboratories were unanimous in finding signifi- 
cant benefits with NMDA antagonists in focal ischemia. 
Since then, perhaps another 10 studies have appeared, all 
confirming benefit (see Buchan” and Albers”! for reviews 
as well as other sources”), For example, MK-801 has 
been observed to reduce infarct size in at least 10 differ- 
ent animal models of focal ischemia””’; several studies 
have documented enhanced survival or enhanced neuro- 
logic outcome.” +78 Of particular note, a recent study in 
baboons at the Barrows Neurological Institute found that 
treatment with MK-801 immediately after a focal ischemic 
insult resulted in both a 28% reduction in infarct size and 
improved neurologic function, measured 1 week later.” 

It seems parsimonious to attribute these benefits in an- 
imal models of focal ischemia to the direct neuroprotective 
effects documented in vitro. The neuroprotective poten- 
cies of several NMDA antagonists in vivo, adjusted for 
blood brain-barrier penetration, correspond to their po- 
tencies in vitro, and NMDA antagonists are also effective 
against brain injury produced by other types of insults 
such as seizures or hypoglycemia.”° It is conceivable that 
other pharmacologic actions of these drugs, such as 
vasodilation, may also contribute to infarct reduction.”°” 

In contrast to the clear-cut benefits produced by NMDA 
antagonists in focal ischemia, variable results have been re- 
ported in animal models of global ischemia.*”*! The possibil- 
ity has been raised that failure to control for drug-induced 
hypothermia may account for the positive results reported in 
some global ischemia models has been raised,” although 
several investigators have observed benefits even with tem- 
perature control.*'* This controversy does not, in our opin- 
ion, weaken the case for the use of NMDA antagonists in fo- 
cal ischemia or invalidate the excitotoxicity hypothesis of 
hypoxic-ischemic neuronal loss. Global ischemia and focal 
ischemia differ substantially at the tissue and the cell level; 
in particular, only the latter has a zone of incomplete is- 
chemia, the ischemic penumbra, which is the likely site of 
NMDA antagonist action. The NMDA antagonists may 
make the difference between life and death when energy 
stores are partially depleted.* This may be partly a function 
of insult severity; with intense insults, many cellular de- 
rangements may occur simultaneously and the benefits of in- 
dividual pharmacologic manipulations may be overridden. 
Furthermore, several features of complete ischemia, in par- 
ticular extracellular acidosis,” may specifically limit the con- 
tribution of NMDA receptors to injury even when the du- 
ration of insult is relatively brief.**” With incomplete is- 
chemia, extracellular pH may remain high enough to permit 
activation of the NMDA receptor to make a substantial con- 
tribution to the injury.” 

Therefore, we believe that the protective effects ob- 
served with NMDA antagonists in vitro and in animal 
models of focal ischemia justify continued movement to- 
ward clinical trials in appropriate disorders, such as stroke 
or the multifocal brain ischemia associated with cardiac 


NMDA Antagonists—Albers et al 


x 


x 


xt 


bypass surgery.”’ We do not underestimate the potential 
side effects of these drugs, which may include psychoto- 
mimetic effects, disruption of synaptic plasticity, and the 
induction of neuronal vacuolization in a subset of neurons 
localized to the retrosplenial and cingulate cortices.*!” 
The latter changes have raised concerns of toxic brain 
damage, but the changes are restricted anatomically, and 
in most cases, they are transient and reversible. While 
further safety studies are clearly desirable, we view the 
known risks of NMDA antagonist therapy as outweighed 
by their potential benefit in life-threatening disorders. 
We do notargue that NMDA antagonists alone are likely 
to be the best possible agents for protecting the central ner- 
vous system from hypoxic-ischemic damage. Rather, they 
are no more and no less than leading approaches in an 
emerging pipeline of rational neuroprotective strategies. 
They are good enough to test now, but in the future, ad- 
ditional approaches may be considered for reducing exci- 
totoxicity or calcium overload.* Indeed, recent experi- 
ments have suggested that some of these alternative ap- 
proaches may yield better results under certain 
circumstances. For example, in global ischemia, a non- 
NMDA antagonist“ or the combination of hypothermia 
plus an NMDA antagonist may be more effective than 
NMDA antagonists alone, perhaps reflecting a critical par- 
ticipation of non-NMDA glutamate receptors in that set- 
ting.” Furthermore, in a comprehensive therapeutic 
scheme, interventions directed specifically toward im- 
proving (or reestablishing) blood flow, or protecting glia, 
are also likely to have a role. The task of devising effective 
short-term therapies for brain or spinal cord hypoxia- 
ischemia is formidable, but we must begin somewhere. 
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Do NMDA Antagonists Prevent Neuronal Injury? No. 


Alastair M. Buchan, MD, FRCPC 


ete a major excitatory amino acid neurotrans- 
mitter, rather surprisingly appears to act as an en- 
dogenous neurotoxin.’ The “excitotoxic hypothesis” pos- 
tulates that abnormal levels of excitatory amino acids 
occur and, by excessive synaptic stimulation, drive neu- 
rons to a premature death.? Cell culture observation has 
implicated calcium flux through the N-methyl-D-aspartate 
(NMDA) linked ionophore as the critical metabolic event? 
leading to the conjecture that NMDA antagonists will 
prevent neuronal injury.* Most of the evidence that sup- 
ports this belief is derived from hypoxic-ischemia-related 
experimentation, but attempts have been made to gener- 
alize the theory and practice of NMDA antagonism to 
other neurologic disease processes and their treatment.’ 
Models of diseases such as Parkinson's disease, Alzhei- 
mer’s disease, and motor neuron disease are compro- 
mised by our current lack of understanding of the molec- 
ular basis of their etiology and their link to pathologically 
elevated glutamate levels is at best tenuous. We are able, 
however, to accurately mimic stroke, using animal mod- 
els that are analogous to the human condition. 

Ischemia causes a massive extracellular release of glu- 
tamate.° Hippocampal CA, cells among whose soma there 
is a dense concentration of NMDA receptors’ are most 
susceptible to the effects of transient global ischemia, to- 
pographically associating these receptors to the process of 
selective ischemic neuronal necrosis (SINN).° In focal is- 
chemia, waves of spreading depression causing gluta- 
mate release may contribute to penumbral tissue dam- 
age.” NMDA antagonists have been claimed to prevent 
neuronal injury following both global and focal ischemia 
by either competitively antagonizing the receptor!®"! or 
noncompetitively blocking the ionophore. 13 

The topographic association of NMDA receptors with 
regions of SINN is at best loose. Although true for CA, 
cells, CA, cells that are equally vulnerable lack receptors, 
while dentate granule cells, which have the same concen- 
tration of NMDA receptors as CA, cells, are quite resistant 
to ischemia. The correlation between NMDA receptors 
and vulnerable neurons in layers 5 and 6 of the cortex and 
the dorsolateral striatum is also lacking and the exquisitely 
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vulnerable cerebellar Purkinje cells are apparently devoid 
of NMDA receptors." Therefore, the anatomic distribu- 
tion of SINN is at variance with the geography of NMDA 
receptor sites, suggesting that NUDA-mediated toxicity is 
not of singular importance to the process of SINN.* Tem- 
poral events also lead one to question whether NMDA an- 
tagonists could prevent neuronal injury. Extracellular lev- 
els of glutamate recover within minutes following reper- 
fusion." During severe ischemia the pH falls, and the 
increase in H* ions effectively antagonizes the NMDA re- 
ceptor during the exposure to toxic levels of glutamate. 
Recovery of pH is completed” in phase with the recovery 
to normal levels of extracellular glutamate. In ischemia, 
hyperglycemia (which would further inhibit NMDA 
mechanisms) exacerbates injury’ while hypoglycemia 
(which might enhance NMDA-linked Ca** currents) is 
considered to reduce injury.” 

In contrast with early studies, ”” those that employ severe 
forebrain ischemia have been consistently unable to confirm 
a cytoprotective effect for competitive” and noncompeti- 
tive! NMDA antagonists. One explanation that has been 
proposed to account for the lack of effect in the latter studies 
is that the earlier positive studies failed to control for tem- 
perature variation.” The combination of ischemia plus 
NMDA antagonism results in a failure of homeostatic tem- 
perature control, and if experiments are done under ambient 
temperature conditions, postischemic hypothermia can re- 
sult in neuronal protection that may inadvertently be attrib- 
uted to neuronal NMDA antagonism.” 

In focal ischemia, NMDA antagonists appear to reduce 
infarct volume’? but is this effect mediated by receptor 
antagonism or is it because the ischemic insult is attenu- 
ated by increases in regional cerebral blood flow? Marked 
increases in intraischemic cerebral blood flow have been 
detected for competitive” and noncompetitive NMDA 
antagonists.’ The amelioration in the severity of the is- 
chemia could easily account for the reduction in the size 
of neocortical infarction.” 

The relative failure of the NMDA antagonists to afford 
neuronal protection in vivo, as compared with in vitro, can 
be contrasted with the remarkable cytoprotective effects of 
non-NMDA glutamate antagonists.” Selective and potent 
non-NMDA or a-amino-3-hydroxy-5-methyl-4-isoxazole 
proprionate (AMPA) antagonists, such as 2,3-dihydroxy- 
6-nitro-7-sulfamoxylbenzo (F) quinoxaline (NBQX), can 
prevent calcium entry by blocking the action of glutamate 
on the AMPA receptor-linked ionophore, which like the 
NMDA-linked channel, is permeable to calcium” as well 
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monovalent cations. Delayed treatment with NBQX fol- 
ving either severe forebrain™ or transient focal is- 
emia” appears to be strongly protective and is not de- 
ndent on reductions in brain temperature” or a lessen- 
z of the duration or severity of cerebral ischemia.” These 
ta provide evidence that non-NMDA antagonism, as op- 
sed to NMDA antagonism, can directly prevent neuronal 
ury. This hypothesis has recently been confirmed.” 

In conclusion, in vivo non-NMDA rather than NMDA an- 
sonists can prevent neuronal injury and lack the demon- 
ated cytotoxicity of the NMDA receptor antagonists.” The 
oof, however, that a therapy bestows benefit will require 
vositive result from a randomized clinical trial: current ev- 
ence suggests that AMPA or non-NMDA antagonists, 
ther than NMDA antagonists, should be its subject. 
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he discovery that excitatory amino acids can mediate 
brain damage has opened the way to new potential 

erapies through drugs that counter their effects. We are 

the difficult stage between the excitement of discovery 

id the sobriety of proof. 

All the contributors agree that N-methyl-D-aspartate 

MDA) antagonists prevent neuronal injury “in vitro” 
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and that they offer some protection in models of focal but 
not global cerebral ischemia. This is demonstrable even in 
studies that control for the confounding factor of temper- 
ature change. Albers and colleagues think that the effect 
is through action on the NMDA receptors while Buchan 
suggests that it may be due to an increase of cerebral blood 
flow induced by the NMDA antagonist. 

Whatever the mechanism, further experimental work 
needs to be done with AMPA and the less toxic 
NMDA receptor antagonists before clinical trials can be 
undertaken. The promise is great but so is the burden 
of proof. 
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Multiple Sclerosis as a Cause of Atrial Fibrillation and 
Electrocardiographic Changes 


W. Scott Schroth, MD, MPH; Scott M. Tenner, MS, MD, MPH; Bob A. Rappaport, MD; Ranjit Mani, MD 


© We present the case of a young woman with an acute ex- 
acerbation of multiple sclerosis associated with paroxysmal 
atrial fibrillation and electrocardiographic changes charac- 
teristic of central nervous system effects on cardiac con- 
duction. The patient presented with ataxia, vertigo, and left 
facial paresthesia, and was found to have a large demyeli- 
nating lesion involving the left middle and inferior cerebel- 
lar peduncles with extension rostrally into the brain stem. 
Profound pulmonary edema, out of proportion with the 
cardiac abnormalities, also developed. This confirms that 
demyelinating disease, like other central nervous system 
abnormalities, can lead to alterations in cardiac conduction, 
and may induce neurogenic pulmonary edema. 
(Arch Neurol. 1992;49:422-424) 


T he association between nervous system disorders and 

electrocardiographic (ECG) abnormalities or cardiac 
arrhythmias, in the absence of cardiac disease, has been 
well established. Cerebrovascular accidents, subdural 
hematomas, subarachnoid hemorrhage, and central ner- 
vous system (CNS) neoplasms have been shown to be as- 
sociated with cardiac arrhythmias and specific ECG 
changes. However, there is only limited evidence of an 
association between CNS demyelinating disease and car- 
diac conduction abnormalities.'2 Acute pulmonary 
edema is also associated with a variety of serious CNS le- 
sions, but has not previously been reported in patients 
with demyelinating processes.* We encountered a case 
of multiple sclerosis associated with paroxysmal atrial 
fibrillation, characteristic ECG changes, and severe pul- 
monary edema. 


REPORT OF A CASE 


A 33-year-old woman was admitted to the hospital following 
the acute onset of unsteady gait, vertigo, nausea, and vomiting. 

The patient was well until 5 days prior to her admission when 
she began feeling unsteady, veering to the left when attempting 
to walk a straight line. Over the next several days, the unsteadi- 
ness worsened and she developed nausea, vomiting, and 
pressure-like bifrontal headaches. She was seen 2 days before 
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admission when a preliminary diagnosis of acute labyrinth 
was made. Meclizine was prescribed without relief. She beg’ 
to note photophobia and left-sided facial paresthesia. She deni 
fever, chills, head trauma, loss of consciousness, diplopia, d 
arthria, or additional visual changes. 

The patient’s medical and family history were unremarkab! 
Her only medication was the recently prescribed meclizin 
The patient reported no history of smoking or drug an 
alcohol abuse. 

At the time of admission, her temperature was 37.4°C, with 
pulse rate of 85 beats per minute, a respiration rate of 18 pe 
minute , and a blood pressure of 118/76 mm Hg. 

On physical examination, there was no evidence of hea 
trauma. The pupils were equal, round, and reactive to light an 
accommodation with a benign funduscopic examination bilate 
ally. On neurologic examination, the patient had appropria 
and fluent speech with no evidence of dysarthria. Mental stat 
examination was normal. Examination of the cranial nerves 
vealed bilateral, right-beating horizontal nystagmus with a i- 
sional component. There was a deficit to soft touch in the dist 
bution of all three branches of the left trigeminal nerve. The 
was normal upper and lower extremity strength. The senso 
examination, including vibration, proprioception, light touč 
and sharp sensation, was normal. Deep tendon reflexes wei 
normal and symmetric. Plantar reflexes were flexor bilaterally 
Profound left upper extremity dysmetria was noted. Her gé 
was severely ataxic. 

The patient's initial laboratory evaluation was unremarkabl 
results of complete blood cell count, electrolytes, and liver fun 
tion tests were within normal limits. An initial lumbar punctu 
showed an opening pressure of 17 cm H,O, three red blood cel 
and zero white blood cells (protein and glucose concentratio 
were not obtained). The admission ECG was normal. 

Shortly after initial evaluation, the patient complained of t 
sudden onset of shortness of breath and palpitations. On ph’ 
ical examination, she was tachypneic with an irregularly irr 
ular pulse rate of 150 beats per minute. Auscultation of the ch 
was remarkable for bilateral basilar rales. Arterial blood , 
analysis revealed a PO, of 56 mm Hg while breathing room ; 
A new electrocardiogram demonstrated that the patient was 
atrial fibrillation with nonspecific ST abnormalities. A ch 
roentgenogram revealed pulmonary vascular congestion a 
edema. A pulmonary embolism was suspected. A ventilatic 
perfusion lung scan was reported as “low probability” for pi 
monary embolism. A pulmonary angiogram was performed a] 
was found to be negative. The patient's atrial fibrillation cont 
ued for 18 hours and converted following digoxin therapy. } 
pulmonary edema responded to intravenous diuretics wt 
supplemental oxygen was provided. Further clinical evaluati: 
included normal serum electrolytes and serial myocardial 
zymes. An echocardiogram demonstrated normal cardiac chz 
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© y 1.—Electrocardiograms obtained immediately following conversion to normal sinus rhythm revealing (left) tall peaked P wave with de- 


eased PR interval and (right) peaked T waves. 


er sizes with normal valvular function and contractility. The 
CGs obtained immediately following conversion to normal si- 
“us rhythm revealed a decreased PR interval, tall peaked 
“>2.8 mm) P waves, and peaked T waves in various leads (Fig 1). 
ą Additional laboratory analysis revealed normal thyroid func- 
€on test results, erythrocyte sedimentation rate, and serum 
*>mplement levels. Serum immunologic screens for toxoplas- 
. sis, cryptococcosis, fluorescent antinuclear antibodies, hu- 
“nan immunodeficiency virus type I, and Borrelia burgdorferi were 
jegative. A repeated cerebrospinal fluid analysis showed an 
\ c ning pressure of 14 cm H,O, clear and colorless fluid with 
wur white blood cells (98% lymphocytes), 11 red blood cells 
© ‘be No. 4 showed three white blood cells and two red blood 
Ne lis), a glucose level of 4.77 mmol/L, and a protein level of 
45 g/L. Gram staining was negative. Cerebrospinal fluid 
t altures were negative at 72 hours. Cerebrospinal fluid IgG was 
S\evated at 0.084 g/L. Cerebrospinal fluid protein electrophore- 
s revealed the presence of prominent oligoclonal bands. Mye- 
"1 basic protein was elevated at 25.1 pg/L. 
pi Computed tomography of the head was normal. Magnetic 
ti sonance imaging revealed multiple periventricular areas of in- 
eased T; signal intensity consistent with demyelinating disease 
ig 2). In addition, a large high T; signal area involving the left 
iddle and inferior cerebellar peduncles extending rostrally into 
e brain stem was noted. Both visual-evoked responses and 
ain-stem auditory-evoked responses were normal. 
The patient received a 5-day course of high-dose methylpred- 
olone (1 g/d) with slow improvement of her neurologic 
1ormalities over the ensuing several months. Several months 
owing discharge, the patient presented with profoundly de- 
yased sensation below the middle thorax bilaterally, confirm- 
1 the clinical diagnosis of multiple sclerosis. 


th 
at COMMENT 


a: The importance of the CNS in normal cardiovascular 
atrol has become increasingly apparent.*° Weidler” and 

(Nmuels* have concluded that cardiac arrhythmias may 
resent an important cause of death in patients suffer- 

— catastrophic neurologic events. 

ʻA wide variety of ECG changes are associated with CNS 

‘sorders. These include notched or tall T waves, U 

eves, Q waves, peaked P waves, shortened or pro- 
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Fig 2.—/ntermediate-weighted (TE:35, TR:2000) magnetic resonance 
imaging, coronal section showing high-signal areas in the right 
periventricular and left pontocerebellar region. 


longed P-R interval, ventricular arrhythmias, and atrial 
fibrillation.’°?” 

The mechanisms by which CNS disease causes ECG 
changes appear to be complex. Direct stimulation of many 
areas of the CNS is known to result in abnormal ECG 
patterns.'' Croop and Manning” attributed the ECG 
changes to irritation of the orbital surfaces of the frontal 
lobes (Brodmann area 13). The cortical representation of 
the vagus nerve is believed to originate in this area. 
Increased vagal tone is known to lead to bradycardia. 
Furthermore, slowing of the sinoatrial node and inhomo- 
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geneous shortening of atrial refractory periods due to 
vagal stimulation can facilitate and maintain atrial fi- 
brillation. Abnormalities of the nucleus ambiguus and 
the afferent solitary nuclei in the brain stem (near the 
fourth ventricle) can also result in atrial fibrillation.>” 
Damage to this region may explain the arrhythmia ob- 
served in this case. 

Although abnormal parasympathetic stimuli contribute 
to cardiac abnormalities, there is increasing evidence that 
profound sympathetic stimulation may be the most impor- 
tant mechanism underlying CNS effects on the heart.*!° 
T-wave changes found in patients with CNS disease may 
result from excessive sympathetic discharge leading to au- 
tonomic “imbalance,” shortening of ventricular refractory 
periods, and repolarization abnormalities.“ 

Recent studies have indicated that actual myocardial 
damage, described as “focal myocytolysis” or “myofibril- 
lary necrosis,” secondary to acute cerebral lesions, may be 
responsible for arrhythmias and ECG changes.*”° Such 
lesions are consistently seen in states of excessive sympa- 
thetic activity or catecholamine infusion. These histologic 
changes appear to occur predominantly in the suben- 
docardial region, potentially leading to ECG patterns 
simulating subendocardial infarction occasionally seen in 
patients with CNS disease. Since the cardiac conduction 
system is also a subendocardial structure, necrosis in this 
area is postulated to account for some of the effects on 
cardiac conduction and rhythm. Patients with serious 
CNS events frequently have elevated levels of creatine 
kinase of myocardial origin, supporting a role for direct 
myocyte injury as a factor in cardiac changes.* 

Pulmonary edema may also develop as a consequence 
of severe CNS events. The mechanisms underlying 
neurogenic pulmonary edema are not completely clear. 
Changes in both the hydrostatic forces within the pulmo- 
nary vasculature and the permeability characteristics of 
small pulmonary vessels appear to play a role. As for car- 
diac lesions, excessive sympathetic stimulation seems to 
be a unifying mechanism for these abnormalities. In- 
creased sympathetic tone leads to decreased left ventric- 
ular compliance, increased systemic hypertension, and 
pulmonary arterial and venous hypertension. The subse- 
quent changes in hydrostatic forces favor transudation of 
fluid into the pulmonary interstitium. Simultaneously, 
increases in sympathetic activity appear to alter the per- 
meability of pulmonary endothelium leading to transu- 
dation of the protein-rich edema fluid characteristic of 
neurogenic pulmonary edema. Extensive medullary dam- 
age around the dorsal vagal nuclei and the medial retic- 
ular nuclei is associated with neurogenic pulmonary 
edema. In addition, there appears to be a hypothalamic 
“edemagenic” center, injury to which can independently 
produce pulmonary edema.’ 

Our patient manifested severe pulmonary edema and 
hypoxia inconsistent with the relatively slow ventricular 
rate during atrial fibrillation and her otherwise normal 
cardiopulmonary status. Central hemodynamic moni- 
toring was not performed, and thus, it cannot be con- 
cluded with certainty that the patient’s pulmonary 
edema was attributable to CNS events rather than car- 
diac dysfunction. 

Our patient satisfies the clinical and laboratory criteria 
for the diagnosis of multiple sclerosis: two episodes of 
neurologic deficit and objective clinical signs of lesions at 
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more than one site within the CNS. The magneti 
resonance imaging and cerebrospinal fluid results we 
also consistent with the diagnosis. The development 
atrial fibrillation and ECG changes following this patien’ 
admission were not due to pulmonary embolism, valv 
lar heart disease, enlargement of the atria, or thyrotox 
cosis. Other causes of atrial fibrillation such as pericard 
tis, coronary artery disease, and myocardial infarctio: 
were considered highly improbable based on the patient’ 
history as well as her clinical and laboratory findings. 

The only other case of atrial fibrillation associated wit 
multiple sclerosis described a similar patient.? In botl 
cases the patients were women in their fourth decad 
presenting with vertigo and headache. Both had hemifa- 
cial hypesthesia with left-sided upper extremity dysme- 
tria. Magnetic resonance imaging studies of both patients 
demonstrated multiple areas of demyelination involvin« 
periventricular regions and the brain stem. Cardiac an 
pulmonary evaluation, although more complete for ov 
patient, showed no abnormalities that might explain th. 
cardiac events. The principal finding that distinguished 
these two cases is the unequivocal ECG changes consis- 
tent with CNS disease in our patient. £ 

This patient represents a case of atrial fibrillation and 
ECG changes associated with an acute episode of multi- 
ple sclerosis involving brain-stem structures. In conjunc- 
tion with a previous article on a patient with a similar | 
condition, we believe this confirms an association be- 
tween demyelinating disease of the brain stem anc 
abnormalities of cardiac conduction. It also raises the 
possibility that neurogenic pulmonary edema, not previ- 
ously described in association with multiple sclerosis, 
may be due to disruption of brain-stem architecture by the 
demyelinating process. 
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Positions Available 


DULT NEUROLOGIST — Three-person, successful 
urology group in beautiful Pennsylvania suburban 
mmunity seeks additional member for clinical 
ractice with academic affiliation. Teaching and 
search opportunities exist, subspecialty interest 
nd/or fellowship desirable. Reply to: Box #840, c/o 
ON. 





Professional Opportunities 


HAVEN FOR outdoor enthusiasts — Beautiful 
Escanaba, Michigan is seeking a neurologist to 
establish a busy practice in a 50,000 population 
service area, currently without a neurologist. A 
confident generalist will be immediately productive 
with established patient base and practice support 
from Saint Francis Hospital. Resort community 
offers unspoiled natural beauty, Hiawatha National 
Forest, Little Bays de Noc and harbor, abundant 
summer and winter sports, boating, legendary 
fishing, hiking, skiing and snowmobiling. Healthy 
lifestyle; good schools; friendly community. Contact: 
Dawn Hamman, Saint Francis, Inc., 4541 North 
Prospect, Suite 400, Peoria, IL 61614. (800) 232- 
3129. 


INDIANAPOLIS METROPOLITAN AREA: Young 
and aggressive Indianapolis neurological group 
seeks board-eligible or -certified associate. Broad 
spectrum of clinical experience is important. Expe- 
rience in EEG, evoked potentials and EMG is 
necessary. Sub-specialty training is desirable, but 
not necessary. Indianapolis is a desirable, growing, 
clean and safe community. Excellent salary plus 
bonus and benefits leading to stock holder oppor- 
tunity. Send CV to: Midwest Neurological Institute, 
998 East Main Street, #202, Danville, IN 46122. 


NORTHERN VIRGINIA 
SUBURBS OF WASHINGTON, DC 


Neurologist wanted with good interpersonal and 
practice development skills (subspecialty training 
desirable) to join multi-office neuroscience group. 
Position available immediately. Send CV to: 

Jon Peters, MD 
1800 Town Center Drive, #419, Reston, VA 22090 




















NEUROLOGIST WITH EEG, EMG and evoked 
potential experience for busy neurology office. Full- 
time position. Heavy Spanish, oriental (Japanese, 
Chinese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 


STROKE NEUROLOGIST: Well known, well 
established neurosurgical and neurological group 
practice in western Massachusetts seeks BC/BE 
neurologist with special training in stroke to join 
busy practice and to help establish a stroke unit at 
the Baystate Medical Center, a 900-bed teaching 
hospital and the western campus of Tufts Medical 
School. Clinical research available. Send CV to: 
Michael R. Sorrell, MD, 80 Congress Street, 
Springfield, MA 01104. 


CHARLOTTE, NORTH CAROLINA: High quality 
group of five neurologists all of whom are 
subspecialized, seeks to add another well-trained 
neurologist. Contact: Fred Pfeiffer, MD, 1900 
Randolph Road, Suite 1010, Charlotte, NC 28207. 
Or call: (704) 334-7311. 


VERY BUSY SOLO practice neurologist in 
northeast Ohio looking for an aggressive partner. 
$100,000 first year, partnership in two years. No 
buy in. Send CV to: Box #824, c/o AON. 


FLORIDA: If you are a BC/BE neurologist interested 
in associating with a solo neurologist in a beautiful 
east central coastal Florida city, please send your 
CV to: John LoZito, MD, 1400 Pine Street, 
Melbourne, FL 32901. 


CAROLINA — PIEDMONT: BC/BE adult neurolo- 
gist to join two neurologists in busy clinical practice. 
All neurodiagnostics available. Salary leading to 
partnership. Position available immediately. Send 
CV to: Marilyn Miller, 145 Dillon Drive, Spartanburg, 
SC 29302. 




















Professional Opportunities 


NEUROLOGIST — Virginia coastal area. To join five 
neurologists private practice-hospital based. 
Practice includes: clinical neurology, interpretation 
of CT and MRI scans, EEG and evoked responses, 
EMG, NIV cerebrovascular and TCD and sector 
scanning neuropathology including muscle histology 
and EM, teaching house staff. Reply with CV to: 
Box #838, c/o AON. 


Neurologist wanted to join the Department 
at the El Paso~ Academic Campus of Texas Tech 
University Health Sciences Center. Medical students 
and resident rotations; opportunities for research. Reply 
with curriculum vitae to: Joseph B. Green, MD, Chair- 
man, Department of Neurology, TTUHSC, Lubbock, TX 
79430; or Albert Cuetter, MD, Associate Chairman, 
TTUHSC, 4800 Alberta Avenue, El Paso, TX 79905. 













NEUROSURGEON - BC or BE to join another 
neurosurgeon at prestigious multi-specialty group in 
upper midwest capitol city. Sportsman's paradise. 
Clinic adjoins 260-bed tertiary care center with NS 
designated OR. Reply to: Box #839, c/o AON. 


NEUROLOGIST - BC or BE, to join another 
neurologist at prestigious multi-specialty group in 
upper midwest capitol city. Sportsman's paradise. 
Clinic adjoins 260-bed tertiary care hospital. Reply 
to Box #839, c/o AON. 


SOUTHEAST — Two neurologists, BC/BE to 
establish practice on hospital campus. Generous 
income guaranteed for two years. Large referral 
base, catchment area population of 350,000. All 
neuro-diagnostic modalities needed. Proficiency in 
EMG, EEG, CT, and MRI preferred. Inpatient and 
outpatient experience necessary. Metropolitan 
community offers many cultural, academic and rec- 
reational activities. Yes, it's still possible to have it 
all: a thriving practice in supportive medical com- 
munity, affordable lifestyle, mild climate, and Atlanta 
is two hours away. Immediate openings. For more 
information, call: Nancy Stallings, CompHealth, 
(800) 328-3044; 4021 South 700 East, Suite 300, 
Salt Lake City, UT 84107. 


NEUROLOGIST, BC/BE with strong clinical skills to 
join two neurologists and part-time neuro- 
psychologist in southeastern Wisconsin. Located 
thirty minutes south of Milwaukee and sixty minutes 
north of Chicago on Lake Michigan. Rapidly 
expanding practice. Salary competitive and com- 
mensurate with experience. Contact: Raymond J. 
Rybicki, MD, (414) 631-8550. Or send CV to: 3803 
Spring Street, Suite 201, Racine, WI 53405. 














KANSAS - Board-certified, board-eligible 
neurologist to join child neurologist in rebuilding a 
three-person practice in the largest city in Kansas. 
Three large, well-equipped hospitals available for 
resident and undergraduate medical education. 
Located in clean, progressive community described 
as the franchise capital of the country. Competitive 
salary and benefits available. Send CV to: Richard 
C. Gilmartin, MD, 2620 East Central, Wichita, KS 
67214. 


BC/BE NEUROLOGIST with subspecialty interests 
for multi-subspecialty neurology center in Tulsa. 
Adjacent to progressive 895-bed hospital with MRI, 
CT, EMG, EEG and Transcranial Doppler. Tulsa, a 
city of 500,000, is nationally recognized for its 
beauty, quality of life and recreational opportunities. 
Competitive salary and benefits package leading to 
early partnership. Send CV to: Stan Schuermann, 
2003 Creighton Drive, Norman, OK 73071. Or call: 
(800) 332-8663, day or evening. 





Professional Opportunities 


SOUTHEAST COAST — The Neuroscience center 
of a 190-bed regional medical center is seeking a 
BC/BE neurologist to join in close association with 
their existing neurosurgeons. Exceptional medical 
facilities and neurological services including EEG/ 
EMG, EP, CT, MRI. Excellent income guarantee 
plus benefits — large drawing area provides for 
outstanding potential. Located ninety minutes from 
one of this country's premier seaside resorts, this 
dynamic community offers a quality lifestyle. Call 
Mark Prosperi at: (800) 776-5776 for more details. 
Or send CV to: Cejka & Company, 1034 South 
Brentwood Boulevard, Suite 1850, St. Louis, MO 
63117. 


NEUROLOGIST — Adult neurologist to join a 21- 
physician internal medicine group practice, currently 
including two neurologists. Subspecialty training will 
be strongly considered. Emergency call rotation 
currently includes six neurologists. Full neuro- 
diagnostic capabilities available both in the office 
and at the teaching hospital. Growing area of 
coastal North Carolina, 250,000 referral area. Excel- 
lent industrial base, 7,500-student university 
campus, year round sailing, golfing, tennis, fishing, 
and other recreational opportunities. 500-bed 
tertiary care hospital, internal medicine residency 
program, academic affiliation with UNC-Chapel Hill. 
Full benefit package, competitive salary, EOE. CV 
to: Patrick Medeiros, Wilmington Health Associates, 
1202 Medical Center Drive, Wilmington, NC 28401. 


—OHI O— 


Very successful neurology group is 
seeking their third neurologist. Office 
conveniently located on the campus of a 
modern hospital located in a rapidly 
expanding suburb. This progressive city 
with its medical school and state 





university is an ideal place to satisfy both 
personal and professional needs. To learn 
more about this attractive opportunity we 
encourage you to call Barbara Lakoski at 
1-800-243-4353 or send your CV to: 


EA STRELCHECK & ASSOCIATES, INC. 
12724 N. Maplecrest Lane 

Mequon, WI 53092 

HOSPITAL SEEKS medica! doctor — Neurologist/ 
neuroimmunology. Applicant will diagnose and treat 
patients with organic diseases of the nervous 
system with emphasis on multiple sclerosis patients. 
Will order, interpret and diagnose tests such as CT 
scan, magnetic resonance imaging, nerve 
conduction studies, microscopic and bacertiologic 
analysis of blood and spinal fluid. Will deal with 
multiple sclerosis patients and will prescribe 
therapy. Will perform procedures on spinal taps and 
teach residents and students to examine patients 
who are admitted to the hospital. Will participate in 
Clinical trials of new therapies. Will monitor patients 
for treatment toxicities and conduct research on 
various patients. Qualifications are an MD in 
neurology, together with a total of three years 
experience in neurology and neuroimmunology. 
Applicant must be familiar with diagnosing and 
treating organic diseases of the nervous system. 
Must also be able to ord@r and interpret diagnostic 
tests, aswell às train:interns. Familiarity with 
multiple sclerosis and abnormalities in neurological 
diseases such/as T cells in multiple sclerosis is 
requirec . Compensation for-this position will be 
$60,000 per year for a 45-hour work week. Over- 
time at $40 per hour. If interested, send two 
resumes to: Job Order #2095, P.O. Box 8968, 
Boston, MA.02114. : 


MANHATTAN - Faculty and private practice 
Opportunities currently available at university- 
affiliated hospital with two new hospital facilities 
scheduled for completion 1992-1994. Neurologists 
with fellowship training in stroke, movement 
disorders and intensive care neurology are sought. 
Applicants should send CV to: Dr. Carl Braun, 
Chief, Division of Neurology, St. Luke's-Roosevelt 
Hospital Center, 1090 Amsterdam Avenue, New 
York, NY 10025. 











Professional Opportunities 


Expert Advice on 
Practice Opportunities 
From Our Specialized 
NEURO-SCIENCES 


CONSULTANT 


1-800-765-3055 


Cejka & Company 
222 S.Central Ave. 
Suite 700 

St. Louis, MO 
63105 


A 
AV 


LISA SPIELBERG 


Will assist you with: 


e Practice Opportunities 
¢ Defining Your Practice 
Needs 
¢ Marketing Your Skills 
e Interviewing Tips 
° Salary Trends 





NEUROLOGIST — BC/BE, with Spanish speaking 
skills, to join busy neurosurgical practice in San 
Antonio, Texas. Excellent salary and benefit 
package. Send CV: Box #842, c/o AON. 





Positions Wanted 


NEUROLOGIST — Board-certified with fellowship in 
geriatric neurology and Florida license, interested in 
relocating to Florida. Box #841, c/o AON. 








Faculty Positions 


ACADEMIC NEUROLOGIST — The Department of 
Neurology at Francis Scott Key Medical Center, a 
Johns Hopkins Medical Institution, seeks an 
academically-oriented adult BC/BE neurologist with 
expertise in EMG and NCV to run EMG laboratory. 
Interest in neuromuscular assessment and research 
needed. Fellowship in EMG/NCV required with 
BC/BE in EMG (AAEM). The appointment will be 
full-time, at the Assistant Professor level, and will 
include responsibilities in research, clinical teaching 
and patient care. Interested candidates should send 
a CV and three letters of reference to: Peter W. 
Kaplan, MD, Johns Hopkins School of Medicine, 
Francis Scott Key Medical Center, 4940 Eastern 
Avenue, Baltimore, MD 21224. 


EPILEPTOLOGIST: The Department of Neurology 
at the University of Illinois at Chicago is recruiting 
an epileptologist at the level of assistant professor. 
The epileptologist will participate in drug trials for 
epilepsy, evaluation of epilepsy patients for neuro- 
surgery, out-patient and in-patient management of 
epilepsy patients, and serve as co-director of an in- 
patient neuro-psychiatry unit. Candidate must have 
completed an accredited neurology residency and a 
fellowship in EEG or epilepsy, and must have 
special expertise in epilepsy. Contact: Daniel B. 
Hier, MD, Professor and Head, Department of 
Neurology, MC 796, University of Illinois at Chicago, 
Box 6998, Chicago, IL 60608. Or telephone: (312) 
996-1757. UIC is an AA/EOE. 








Faculty Positions 


BE/BC NEUROLOGIST with subspecialty expertis¢ 
in neurological intensive care including stroke anc 
its complications. Research encouraged, teachin. 
required. Assistant professor non-tenure earnin, 
Salary and benefits negotiable. May-Septemb’ 
1992 start. Contact: Leon D. Prockop, MD, Ché 
man, Neurology Department, (813) 974-279 
University of South Florida is an affirmative actio 
equal opportunity employer. 


NORTHWESTERN UNIVERSITY Medical Schoc , 
Department of Neurology — Stroke neurologis ` 
Northwestern University Medical School seeks 
neurologist with expertise in stroke. Applicar 
should be board-certified or -eligible in neuroloʻ 
and have additional training/experience in stro 
care and research. This full-time appointment will t 
effective in the fall of 1992 at a level and sale 
commensurate with experience. In order to ensu. 
full consideration, applications must be received t 
May 30, 1992. Contact: David A. Stumpf, MD, Pht 
Chairman of Neurology, 233 East Erie, Suite 61.1 
Chicago, IL 60611. (312) 908-8266. Northwestei., 
University is an affirmative action/equal opportuni ` 
employer; we encourage women and minorities 
apply. Hiring is contingent upon eligibility 
licensing in Illinois. 


BE/BC NEUROLOGIST to participate in teachinc 

patient care and clinical research program . 
Subspecialty expertise desirable. Assistan® 
professor, non-tenure earning position. Salary an“! 
benefits negotiable. May-September 1992 star. 
Contact: Leon D. Prockop, MD, Chairman? 
Neurology Department, (813) 974-2794. Universit 

of South Florida is an affirmative action/equa . 
opportunity employer. 











Fellowships 


CEREBROVASCULAR FELLOWSHIP — The North- 
western University Medical School, Department of 
Neurology, Stroke Program offers one- or two-year { 
fellowships in the field of cerebrovascular diseases. ; 
Fellows will participate in the care of patients with j 
ischemic and hemorrhagic cerebrovascular disease | 
as well as ongoing clinical research. Patients in they 
Stroke Program are cared for by a multidisciplinar ' 
team including neurologists, neurosurgeons, neurc 
radiologists, physiatrists, nurses, and therapists’ 
Most inpatients are cared for in an Acute Strok: . 
Care Unit, Neuro ICU or Neuroscience Unit. On-. ` 
going clinical research includes acute stroke inter- | | 
ventions, risk factor modification and surgical trials. 
Opportunities exist for participation in basic research 
or future clinical trial design, however, these are not 
required. This fellowship is designed to provide 
State-of-the-art clinical training as well as a truly 
competitive academic background. To apply, send 
CV and two letters of recommendation to: José 
Biller, MC, F.A.C.P., Director, Stroke Program, ' 
Northwestern Memorial Hospital, 233 East Erie, 
Suite 500, Chicago, IL 60611. An equal opportunity | 
employer. 


BASIC NEUROSCIENCE FELLOWSHIPS for the 
Clinical Neuroscientist: A three-year NIH supported | 
research fellowship is available immediately at the ' 
University of Minnesota. This is an exceptional 
opportunity for physicians who have completed their 
residencies in one of the clinical neurosciences 
(neurology, neurosurgery or neuropathology), who 4 
wish an academic career and who would like tc 
obtain research experience in an area of basi 
neuroscience. There is a strong neuroscience cor 
munity at the University of Minnesota and & 
participating faculty are part of the Gradua 
Program in Neuroscience. A wide variety of researq 
opportunities are available including research 
neuroanatomy, neurochemistry, neuroimmunolog' 
neuropharmacology, neurophysiology, molecule 
neurobiology, and experimental neuropathology 
Competitive stipends are provided. For furthe 
information, please contact: Gary Birnbaum, MC 
Box 92, Mayo Building, University of Minnesotz 
School of Medicine, Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunits 
educator and employer. 


PLEASE NOTE -— Address replies to box numbe 
ads as follows: Box number ______—, c/o AON 
P.O. Box 1510, Clearwater, FL 34617. 




























Fellowships 


-LOWSHIP in Behavioural Neurology and 
iropsychiatry. A one-year fellowship beginning 
' 1, 1992 is available at the Neurobehavior and 
jeimer's Disease Center of Beth Israel Medical 
iter (New York City). This program offers clinical 
‘erience with a diversity of patients with 
robehavioral and neuropsychiatric disorders 
uding stroke, head injury, dementia and other 
ditions. Research in neglect, aphasia, and PET 
nning is emphasized. Candidates preferably 
BC in neurology or neurology and psychiatry. 
rested candidates should submit CV to: Dr. Todd 
Feinberg, Neurobehavior and Alzheimer's 
ease Center, Beth Israel Medical Center, 317 
it 17th Street, New York, NY 10003. 





Directors Wanted 





YOLA UNIVERSITY CHICAGO Stritch School of 
dicine seeks Director of Stroke Program. 
sources include transcranial Doppler, modern 
ro-imaging laboratory with SPECT, and molecu- 
neuroscience laboratories. Loyola University is a 
je center for cardiovascular disorders with very 
ve surgical and cardiology programs. Research 
aborations possible with cardiology and cardio- 
scular surgery. Candidates should be board- 
jible or -certified neurologists with scholarly 
eer interests and qualified for academic appoint- 
nt. Send reply to: Gaston Celesia, MD, Chair- 
n, Neurology Department, Loyola University, 
icago, 2160 South First Avenue, Chicago, IL 
153. Loyola is an equal opportunity/affirmative 
ion employer. 





EASE NOTE — Address replies to box number 
3 as follows: Box number ______ , c/o AON, 
>. Box 1510, Clearwater, FL 34617. 





DIRECTOR OF HEAD 
INJURY PROGRAM 


Excellent professional opportunity for a Board certified behavioral neurologist to lead an 
expanding CARF accredited comprehensive Head Injury Program. The program currently 
includes a 38-bed inpatient unit and an array of ambulatory care programs. 
















curriculum vitae to: 


INSTITUTE FOR REHABILITATION, INC. 


Kessler Institute for Rehabilitation, Inc. is a private, not-for-profit comprehensive organiza- 
tion, with licensed capacity of 230 inpatient beds in three main facilities and multiple 
outpatient treatment satellites. 


Northern New Jersey offers many cultural and recreational opportunities with convenient 
access to metropolitan New York City. Excellent salary and benefits, commensurate with 
experience. Academic appointment available at the UMDNJ/New Jersey Medical School. 
Significant time and resource availability for clinical research. Please direct inquirieS and he 
ai 7 


Joel A. DeLisa, M.D., Medical Director, Kessler Institute for Rehabilitation, Inc: 


Professor and Chairman, Department of Rehabilitation Medicine 


1199 Pleasant Valley Way * West Orange, New Jersey 07062 
















SOCIETY FOR EXPERIMENTAL 
NEUROPATHOLOGY 


(AN ORGANIZATION DEDICATED TO CLINICAL AND EXPERIMENTAL NEUROPATHOLOGY) 


CALL FOR ABSTRACTS 


The fifth annual meeting of SENP will be held at the Royal York Hotel, Toronto, 
Ontario, Canada, October 17 and 18, 1992, immediately preceding the American 
Neurological Association meeting. Platform or poster presentations are welcome. 
Authors do not have to be members of SENP or sponsored by members. Accepted 
abstracts will be published in Brain Pathology. Submitted abstracts must not 
have been presented or published elsewhere prior to the meeting. The Peter 
Lampert Prize will be awarded to the best paper by a young investigator. 




































Abstracts should be prepared on a single sheet of plain white 8 1/2 x 11 inch 
paper. In the upper right hand corner of the sheet designate whether the abstract 
is submitted for poster, platform, or either type of presentation. The first lines 
should be a complete title in all upper case letters followed by the name and 
location (cities) of each author. Skip one line and then indent three spaces to begin 
the text of the abstract. The text of the abstract must be typed double-spaced and must be 
only one paragraph in length with a maximum of 300 words. At the bottom of the page, 
indicate name, mailing address, telephone number, and FAX number (if available) 
of presenting author. Mail original and 10 copies to: Fredrick Seil, MD, Chairman, 
Program Committee, Neurology Research-151N, VA Medical Center, Portland, 
Or 97201. 


DEADLINE FOR RECEIPT OF ABSTRACTS IS MAY 1, 1992. 


Membership in SENP includes a subscription to Brain Pathology. Information 
can be obtained from: Roger A. Brumback, MD, SENP Secretary-Treasurer, 
OUHSC BMSB 451, Box 26901, Oklahoma City, OK 73190. (Telephone (405)-271-8820). 
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UMDNJ/New Jersey Medical School 1s 


KESSLER 





Equal Opportunity Employer M/F 






Directors Wanted 





THE DEPARTMENT OF NEUROLOGY at 
Creighton University has openings for BC/BE 
candidates as Director of the EMG Laboratory and 
Director of the Stroke Unit. Academic appointment, 
salary and support based on experience and 
academic record. Submit CV and three references 
to: John M. Bertoni, MD, PhD, Professor and 
Chairman of Neurology, Creighton University, 601 
North 30th Street, Suite 2342, Omaha, NE 68131. 
(402) 280-4686. Creighton is an equal oppor- 
tunity/affirmative action employer. 


Residencies 





THE DEPARTMENT OF NEUROLOGY, Eastern 
Virginia Medical School announces the availability 
of six residency training positions beginning July 
1992. Positions are available at the PGYII, Ill, and 
IV levels (2 each). This is a new program in a young 
and growing department. We are committed to 
developing a strong training program in clinical 
neurology and we are seeking residents with strong 
backgrounds and a sense of adventure. For further 
information contact: Thomas R. Pellegrino, MD, 
Professor and Chairman, Department of Neurology, 
825 Fairfax Avenue, Norfolk, VA 23507. 





NEUROLOGY -— Unexpected opening PGYIII-IV to 
begin July, 1992. Contact: Dr. James Kelly, Box 
B182, University of Colorado School of Medicine, 
4200 East Ninth Avenue, Denver, CO 80262. (303) 
270-8760. AA/EOE. 





Practices Available 


BUSY GENERAL neurology practice in southeast 
Kentucky for sale. Above average income. Beautiful 
location, one hour drive near major cities. Reply to: 
Box #829, c/o AON. 








HOUSTON — Neurology practice for sale. Excellent 
net income with established reputation. Good loca- 
tion. Contact: Business & Professional Associates 
at: (713) 622-2020. 


Miscellaneous 






— CALL FOR PAPERS -— 


The International Conference 
on Physician Health 
to be held 
January 28-31, 1993 
in Scottsdale, Arizona 


is accepting abstracts addressing topics relat- 
ed to physician health including AIDS, the HIV 
positive physician, problems related to aging, 
health promotion among physicians, mental 
illness, physical disability, and substance abuse 
among physicians. Possible topics for presen- 
tation include: Incidence of health problems, 
treatment issues, and legal implications of these 
disorders. 















Abstracts which address issues related to 

these topics, but .agt „specifically with 

physicians are, alSo welcome. - 
A Ei 






`r. Fad . 
Submissiow Deadline: June 15,1992. 






È i ` Coftact: . 
Patrick McGuffin, PhD - 
American Medical Association 
Department of-Mentąl Health 
515 North State Str@6t, Chicago, IL 60610 
(31274644064 








































We Target The Physician 
You Want! 


The Archives of Neurology's classified recruitment advertising section is seen by 
precisely the physician you need — neurologists, child neurologists and 
neurological surgeons. A specialized physician audience of over 15,000. I 


Send us your advertising order today. Just complete the coupon below and" 
attach your typewritten copy. The next available issue is May which closes 
Wednesday, March 25th. 


The classified rate is $1.05 per word for one issue. For three issues or more, the 
rate is $.95 per word per issue. Minimum classified ad is 20 words. s 


= =o == ne “ORDER FORMS -= = -aaa a d 


Please insert my ad times, beginning with the issue. 





Place:my-adiundertheiheading.— es 


Enclosed is my check for $ 


. All advertising 
must be prepaid with order. 





mson e a a ee al 
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Area Code & Telephone Number 





PAIOWZOC SIGNStNG: e T a ee ee 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 
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Send all copy and payments to: 
ARCHIVES 
OF 
Neurology 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 Local (813) 443-7666 





hilantin Kapseals 
tended phenytoin sodium capsules, USP) 100 mg 


os orescribing, please see full prescribing information. A Brief Summary follows. 
+ TIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) 
‘ cnplex partial (psychomotor, temporal lobe) seizures and prevention and treatment of seizures 
‘erring during or following neurosurgery. 
-nytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage 
dministration and Clinical Pharmacology in the full prescribing information). 
NTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive to 
toin or other hydantoins. 

WINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. 
in the judgment of the clinician, the need for dosage reduction, discontinuation, or substitution 
native antiepileptic medication arises, this should be done gradually. However, in the event of an 
_ or hypersensitivity reaction, rapid substitution of alternative therapy may be necessary. In this 

alternative therapy should be an antiepileptic drug not belonging to the hydantoin chemical class. 

ve have been a number of reports suggesting a relationship between phenytoin and the develop- 
,f lymphadenopathy (local or generalized) including benign lymph node hyperplasia, pseudo- 
onoma, lymphoma, and Hodgkin's Disease. Although a cause and effect relationship has not been 
ished, the occurrence of lymphadenopathy indicates the need to differentiate such a condition 
ather types of lymph node pathology. Lymph node involvement may occur with or without symp- 
43 and signs resembling serum sickness, eg, fever, rash and liver involvement. 
all cases of lymphadenopathy, follow-up observation for an extended period is indicated and every 
should be made to achieve seizure control using alternative antiepileptic drugs. 
«e alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may decrease 
levels. 
aw of isolated reports associating phenytoin with exacerbation of porphyria, caution should be 
ed in using this medication in patients suffering from this disease. 
in Pregnancy: A number of reports suggests an association between the use of antiepileptic 
uy women with epilepsy and a higher incidence of birth defects in children born to these women 
1 are more extensive with respect to phenytoin and phenobarbital, but these are also the most 
nonly prescribed antiepileptic drugs; less systematic or anecdotal reports suggest a possible similar 
| iation with the use of all known antiepileptic drugs. 
| reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women 
dt be regarded as adequate to prove a definite cause and effect relationship. There are intrinsic 
| ,odological problems in obtaining adequate data on drug teratogenicity in humans; genetic factors 
'e epileptic condition itself may be more important than drug therapy in leading to birth defects. 
great majority of mothers on antiepileptic medication deliver normal infants. It is important to note 
antiepileptic drugs should not be discontinued in patients in whom the drug is administered to 
vent major seizures, because of the strong possibility of precipitating status epilepticus with attendant 
oxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
such that the removal of medication does not pose a serious threat to the patient, discontinuation 
the drug may be considered prior to and during pregnancy, although it cannot be said with any 
fidence that even minor seizures do not pose some hazard to the developing embryo or fetus. The 
scribing physician will wish to weigh these considerations in treating or counseling epileptic women 
hildbearing potential. 
\addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate 
‘heart malformations, in children of women receiving phenytoin and other antiepileptic drugs, there 
: more recently been reports of a fetal hydantoin syndrome. This consists of prenatal growth de- 
acy, microcephaly and mental deficiency in children born to mothers who have received phenytoin, 
urates, alcohol, or trimethadione. However, these features are all interrelated and are frequently 
„ated with intrauterine growth retardation from other causes. 
»re have been isolated reports of malignancies, including neuroblastoma, in children whose mothers 
-ed phenytoin during pregnancy. 
ncrease in seizure frequency during pregnancy occurs in a high proportion of patients, because 
` red phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is 
icularly valuable in the management of a pregnant epileptic patient as a guide to an appropriate 
ustment of dosage. However, postpartum restoration of the original dosage will probably be indicated. 
Jeonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic 
thers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct 
5 defect and has been recommended to be given to the mother before delivery and to the neonate 
ar birth. 
ECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients with 
vaired liver function, elderly patients, or those who are gravely ill may show early signs of toxicity. 
{small percentage of individuals who have been treated with phenytoin has been shown to metabolize 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it 
years to be genetically determined. 
*henytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
continuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
inson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed 
j alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type 
easles-like or scarlatiniform), therapy may be resumed after the rash has completely disappeared. 
he rash recurs upon reinstitution of therapy, further phenytoin medication is contraindicated. 
>nenytoin and other hydantoins are contraindicated in patients who have experienced phenytoin 
yersensitivity. Additionally, caution should be exercised if using structurally similar compounds 
, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same patients. 
dyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. 
enytoin may also raise the serum glucose level in diabetic patients. 
)steomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
arference with Vitamin D metabolism. 
*henytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate 
gnostic procedures should be performed as indicated 
*henytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence 
tit mal) seizures are present, combined drug therapy is needed. 
jerum levels of phenytoin sustained above the optimal range may produce confusional states referred 
3 ‘delirium, “psychosis; or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, 
+ first sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy 
dicated if plasma levels are excessive; if symptoms persist, termination is recommended. (See 
ings.) 
mation for Patients: Patients taking phenytoin should be advised of the importance of adhering 
ly to the prescribed dosage regimen, and of informing the physician of any clinical condition in 
^ it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

ients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking 

hysician's advice. 

tients should be instructed to call their physician if skin rash develops. 

3 importance of good dental hygiene should be stressed in order to minimize the development 
ngival hyperplasia and its complications. 

10t use capsules which are discolored. 


Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal dosage 
adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or which 
phenytoin may affect. Serum level determinations for phenytoin are especially helpful when possible drug 
interactions are suspected. The most commonly occurring drug interactions are listed below: 1. Drugs 
which may increase phenytoin serum levels include: acute alcohol intake, amiodarone, chloramphenicol, 
chlordiazepoxide, diazepam, dicumarol, disulfiram, estrogens, H2-antagonists, halothane, isoniazid, 
methylphenidate, phenothiazines, phenylbutazone, salicylates, succinimides, sulfonamides, 
tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid preparations 
containing calcium should be staggered in patients with low serum phenytoin levels to prevent absorption 
problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, sodium 
valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium 
valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible 
patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for dexamethasone or metyrapone tests. 
Phenytoin may cause increased serum levels of glucose, alkaline phosphatase, and gamma glutamyl 
transpeptidase (GGT). 

Carcinogenesis: See “Warnings” section for information on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered with 
phenytoin therapy are referable to this system and are usually dose-related. These include nystagmus, 
ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, insomnia, transient 
nervousness, motor twitchings, and headaches have also been observed. There have also been rare 
reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor and asterixis, similar 
to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long- 
term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have included 
scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included 
bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic 
epidermal necrolysis (see Precautions) 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported in 
association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid 
therapy. Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, 
and Hodgkin's Disease have been reported (see Warnings). 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms such 
as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic lupus 
erythematosus, and immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated to be 
2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypotensive. 
Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity 
may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria 
and lethargy appear when the plasma concentration is over 40 mcg/mL, but as high a concentration 
as 50 mcg/mL has been reported without evidence of toxicity. As much as 25 times the therapeutic 
dose has been taken to result in a serum concentration over 100 mcg/mL with complete recovery. 
Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely 
bound to plasma proteins. Total exchange transfusion has been used in the treatment of severe 
intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne 
in mind. 

Caution — Federal law prohibits dispensing without prescription. 
© 1989 Warner-Lambert Co. 


0362G280 
Revised October 1989 





References 1. Dataon file, Market Research Dept, Parke-Davis. 2. Ramsay RE, Wilder BJ, Berger JR, 
Bruni J. A double-blind study comparing carbamazepine with phenytoin as initial seizure therapy in 
adults. Neurology. 1983;33:904-910. 3. Callaghan N, Kenny RA, O'Neill B, Crowley M, Goggin T. 
A prospective study between carbamazepine, phenytoin and sodium valproate as monotherapy in 
previously untreated and recently diagnosed patients with epilepsy. J Neurol Neurosurg Psychiatry. 
1985:48:639-644. 4. Mattson RH, Cramer JA. Collins JF, et al. Comparison of carbamazepine, 
phenobarbital, phenytoin, and primidone in partial and secondarily generalized tonic-clonic seizures. 
N Engl J Med. 1985;313:145-151 


ea 
PARKE-DAVIS 6 RO 
Div of Warner-Lambert Co 


Morris Plains, NJ 07950 PD-12-JA-6719-B1(091) 


CAVA 


apes 
‘Thousands of _ 
7 neurologists go by 
the same name. 


Neurologists write “Dilantin” more often than any other name in anti- 
convulsant therapy'—and for good reasons: 


m Unsurpassed control of generalized and partial seizures** 
m Convenient once-daily dosing for many patients* 
m Significantly lower cost than carbamazepine or valproic acid' 


When you add billions of successful patient therapy days, it’s clear why so 
many neurologists independently write the same prescription: Dilantin 
Kapseals for effective seizure control. 


* For adult patients already controlled on 100 mg tid of Dilantin Kapseals 
t Adapted from IMS National Pharmacy Audit Basic Data Book, 4/91-6/91.' 


Please see next page for a brief summary of full prescribing information 
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Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 
For control, compliance, and cost 


© 1991 Warner-Lambert Company 





